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The  plant  community  is  the  heart  and  soul  of  any  ecological  system. 
Yet,  surprisingly  enough,  it  is  often  neglected  in  ecological  texts  since 
the  animal  community  is  so  much  more  spectacular.  I  therefore  wel- 
come Dr.  Hanson's  and  Dr.  Churchill's  book  to  the  Reinhold  Books 
in  the  Biological  Sciences  as  a  book  which  will  make  plant  ecology 
exciting  to  any  reader.  Though  the  book  is  intended  as  a  text  for  a 
short  course,  it  cannot  fail  to  interest  anyone  concerned  with  the 
maintenance  and  development  of  life  on  this  planet. 

Unlike  many  contemporary  ecological  texts,  this  work  does  not 
neglect  taxonomy  in  theory  or  practice,  so  that  the  reader  starts  with 
a  clear  realization  of  the  role  of  a  species  in  helping  to  build  a  com- 
munity, and  goes  from  there  to  an  understanding  of  the  community 
as  a  functional  entity. 

The  authors  have  drawn  not  only  from  their  own  wide  experience 
of  many  natural  environments  but  also  from  the  whole  field  of  eco- 
logical literature  to  build  a  book  which  offers  a  fresh,  well-integrated 
approach  to  a  subject  which  should  be  of  universal  interest. 

February,  1961  Peter  Gray 
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The  study  of  vegetation  requires  the  fullest  possible  knowledge  of 
the  basic  units — the  plant  communities.  In  an  effort  to  promote 
this  knowledge  and  to  advance  the  science  of  vegetation,  the 
authors  have  adopted  as  the  central  theme  of  this  book  the 
formation  and  nature  of  the  plant  community.  The  development 
of  the  theme  begins  with  a  discussion  of  the  properties  of  species 
and  populations,  i.e.,  of  the  relations  of  plants  and  animals  to  their 
physical  environment  and  to  one  another.  It  is  then  demonstrated 
how  these  properties  lead  to  the  formation  of  various  kinds  of 
groupings  and  communities.  This  discussion  is  followed  by  an 
analysis  of  community  characteristics  and  their  use  in  description 
and  classification,  and  of  the  changes,  or  dynamics,  that  occur  in 
plant  communities.  Numerous  illustrative  examples  are  provided 
in  order  to  clarify  concepts  and  to  assist  in  the  solution  of  specific 
problems,  particularly  as  they  are  encountered  in  the  field. 

This  book  is  intended  as  a  text  for  semester  or  quarter  courses 
in  plant  ecology;  as  a  supplement  to  textbooks  in  general  ecology 
which  usually  do  not  deal  adequately  with  the  formation  and 
nature  of  the  plant  community;  or  as  an  adjunctive  text  for 
courses  in  animal  ecology,  forestry,  range  management,  wildlife 
management,  conservation,  and  agriculture.  It  is  also  intended 
to  serve  the  general  reader  who  desires  to  be  better  informed  about 
the  nature  of  vegetation  and  its  potentialities. 

The  background  for  the  ideas  expressed  in  the  following  pages 
is  a  mosaic  of  varied  kinds  of  experience.  Contributions  to  this 
mosaic  have  been  drawn  from  the  fertile  field  of  ecological  litera- 
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ture;  from  field  work  on  vegetation  in  desert  scrub,  grasslands, 
forests,  and  tundra;  from  publications  of  the  authors;  and  from 
many  years  devoted  to  teaching  courses  in  plant  and  general 
ecology.  The  authors  were  inspired  by  men  who  have  contributed 
much  to  the  development  of  ecology,  including  F.  E.  Clements, 
J.  E.  Weaver,  G.  E.  Nichols,  V.  E.  Shelford,  and  C.  C.  Adams. 
The  authors  are  also  greatly  indebted  to  Jack  Major,  Warren 
C.  Whitman,  R.  H.  Whittaker,  Peter  Gray,  James  B.  Ross,  and 
Dorothy  Donath  for  reading  the  manuscript  and  offering  many 
helpful  suggestions,  criticisms,  and  comments. 

Herbert  C.  Hanson 
Ethan  D.  Churchill 

Washington,  D.C. 

A  rlington,  Virgin la 

February,  1961 
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INTRODUCTION 


The  study  of  vegetation  or  of  plant  communities  is  concerned  with 
the  ecology  or  interrelationships  of  plants  and  animals  to  one  an- 
other and  to  the  environment;  and  also  with  their  composition 
and  structure,  genesis,  chorology,  history,  dynamics  and  classifica- 
tion. In  this  viewpoint  the  community  is  the  focus  and  ecology  is 
one  kind  of  approach. 

The  individual  plant  requires  not  only  light  to  provide  energy 
for  photosynthesis,  but  a  suitable  temperature,  carbon  dioxide, 
water,  certain  minerals,  and  chlorophyll.  Photosynthesis,  as  is  true 
also  of  all  other  functions  of  the  plant,  is  dependent  upon  a  num- 
ber of  external  and  internal  conditions.  Neighboring  plants  may 
reduce  the  light  intensity  so  much  that  a  seedling  pine  may  not 
be  able  to  grow,  or  fundamental  damage  may  be  caused  by  leaf- 
destroying  insects.  The  individual  plant  in  order  to  live  must 
establish  successful  relations  with  its  physical  environment  as  well 
as  with  other  plants  and  animals. 

In  nature  plants  usually  grow  in  groups,  not  as  isolated  individ- 


uals.  These  groups  may  consist  of  plants  of  a  single  species,  con- 
stituting a  population,  but  more  often  the  groups  comprise 
individuals  of  several  species,  constituting  a  community.  A  great 
deal  is  known  about  the  ecology  of  individual  organisms,  the  eco- 
logical relationships  of  populations  are  now  being  intensively 
studied,  and  much  work  has  been  done  on  communities  as  well. 
It  has  been  suggested  that  communities  of  interacting  populations 
may  also  behave  as  units  in  natural  selection. ^^  These  three  levels 
of  ecological  integration,  the  individual,  the  population,  and  the 
community,  are  considered  in  the  study  of  ecology. 

Seeds  of  many  kinds  of  plants  are  carried  into  bare  areas,  where 
many  of  the  seeds  germinate;  but  only  those  that  are  suited  to 
the  prevailing  conditions  will  grow  and  produce  offspring.  The 
kinds  of  plants  that  can  grow  in  a  particular  habitat  must  have 
the  ability  to  grow  not  only  under  the  prevailing  physical  envi- 
ronmental conditions,  but  also  in  association  and  competition 
with  neighboring  plants.  Some  species  are  more  successful  than 
others,  as  shown  by  the  number,  size,  or  behavior  of  the  individ- 
uals. Hence  the  potentialities  of  species,  differing  according  to 
their  genetic  constitutions,  determine  not  only  the  types  of  hab- 
itats that  each  can  occupy,  but  also  the  nature  of  the  interrela- 
tionships that  develop  with  other  species.  These  potentialities  fur- 
nish the  key  to  understanding  how  groupings  are  formed,  the 
nature  of  the  groupings  or  communities,  the  processes  occurring 
within  them,  and  how  one  kind  of  community  can  replace  an- 
other. The  complexity  of  the  community  and  the  intricate  rela- 
tionships of  organisms  to  one  another  and  to  the  environment, 
therefore,  depend  upon  the  habits  and  qualities  of  individual 
species;  hence  knowledge  of  the  latter  will  aid  us  in  understand- 
ing the  community  as  a  whole.  When  interrelations  of  the 
individual  species  are  emphasized,  the  study  is  often  called  aute- 
cology,  in  contrast  to  synecology,  the  study  of  the  community 
ecology.  The  former  is  obviously  incomplete  because  different 
kinds  of  plants  live  together. 

In  this  book  the  nature  of  the  species  in  relation  to  the  phys- 
ical environment  and  in  relation  to  other  organisms  will  be 
treated  first  because  knowledge  of  the  organism  is  essential  to 
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understanding  the  formation  and  maintenance  of  communities. 
This  will  be  followed  by  a  discussion  of  the  ecological  success  of 
a  species.  The  formation  of  groups  or  communities  and  their 
characteristics  and  dynamics  will  then  be  treated,  and  the  nature 
of  the  climax  community  considered.  The  final  portion  of  the 
book  will  deal  with  the  classification  of  communities. 
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PART        ONE 


OF  SPECIES  AND  POPUI^ATIONS 


The  ways  in  which  plants  carry  on  their  hfe  processes,  developed 
and  genetically  fixed  during  the  course  of  evolution  of  each  kind, 
differ  from  species  to  species.  The  genetic  constitution  of  each 
species  does  permit  a  certain  range  of  expression  or  function- 
ing according  to  the  species  and  the  impinging  environmental 
conditions.  Some  plants,  for  example,  can  bloom  and  produce 
seed  in  the  shade,  others  require  full  sunlight.  Some  can  carry  on 
photosynthesis  and  grow  under  a  wide  range  of  soil  moisture  con- 
ditions, others  require  a  continuously  saturated  soil.  Legumes  can 
utilize  the  nitrogen  fixed  by  bacteria  in  their  root  nodules,  while 
most  species  must  secure  their  nitrogen  from  the  soil. 

These  ways  of  carrying  on  life  processes  are  a  fundamental  part 
of  the  characteristics  of  the  species  and  determine  in  large  meas- 
ure the  formation  of  groups  of  organisms  or  communities.  The 
physical  and  the  biotic  influences  interact  upon  one  another,  so  it 
is  often  difficult  to  determine  the  most  important  relationships 
that  influence  success.  Furthermore,  species  differ  genetically  in 


plasticity;  some  kinds  are  readily  modified  in  regard  to  charac- 
ters such  as  size,  number,  and  structure  of  leaves,  or  number  of 
seeds;  other  kinds  are  much  more  rigidly  fixed.  The  principles 
may  be  outlined  as  follows: 

( 1 )  Relations  of  species  to  the  physical  environment: 

(a)  Every  species  has  certain  essential  requirements, 

(b)  Every   species   possesses   ecological    amplitude,   i.e.,   a 

characteristic  potentiality  for  growth  within  a  limited 
range  of  environmental  conditions, 

(c)  Every  species  has  a  characteristic  capacity  for  utilizing 

the  available  resources  of  the  environment  in  which 
it  occurs. 

(2)  Relations  among  individuals  of  the   same  or  of  different 
species.  Species  differ  in  the  following  ways: 

(a)  In  competitive  capacity, 

(b)  In  capacity  of  association, 

( c )  In  reproductive  processes, 

(d)  In  resistance  to  grazing,  mowing,  or  other  treatment, 

(e)  In  susceptibility  to  parasites, 

(/)   In  mutualistic  and  commensal  relationships. 

The  ecological  success  of  a  species  depends  upon  its  capacity 
to  cope  with  the  physical  environment  and  with  associated  species 
in  the  relationships  stated  in  the  above  principles. 

RELATIONS  OF  SPECIES  TO  THE  PHYSICAL  ENVIRONMENT 

The  physical  environment  is  a  complex  of  factors  which  may 
be  classified  into  three  rather  arbitrary  groups:  (1)  climatic 
factors,  which  include  light,  heat  or  cold,  precipitation,  humidity, 
wind,  gases,  and  evaporating  power  of  the  air;  (2)  soil  factors, 
which  include  texture,  structure,  depth,  and  ingredients  such  as 
water,  gases,  mineral  constituents,  acidity,  alkalinity,  and  salinity; 

(3)  topographic  factors,  which  include  the  degree,  extent,  and 
direction  of  slope,  relief,  and  altitude,  ground  water,  and  snow 
accumulation  or  removal  (Figure  1-1).  Fire,  although  often 
caused  by  man,  may  also  be  included  under  climatic  factors,  but 
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Figure  1-1.  Climatic,  topographic,  and  biotic  factors  all  play 
a  part  in  determining  the  various  kinds  of  subalpine  and 
alpine  vegetation.  Several  sharp  community  boundaries  are 
evident  here.  Sheep  are  searching  for  the  more  tender  parts 
of  plants  in  the  high  Sawtooth  Valley  in  Idaho.  September, 
1958.  (U.S.D.A.  Soil  Conservation  Service.) 


because  of  its  importance  it  may  well  be  classified  separately. 

Some  of  these  factors,  particularly  water,  light,  humidity,  heat 
and  cold,  mineral  nutrients,  and  gases,  affect  plants  directly. 
Wind,  soil  texture  and  structure,  and  precipitation  usually  influ- 
ence plants  indirectly  through  the  direct  factors.  Physiographic 
factors  are  more  remote,  for  they  affect  the  indirect  factors  which 
in  turn  influence  the  direct  factors;  for  example,  an  increase  in 
elevation  may  cause  greater  precipitation  which  in  turn  increases 
the  soil  moisture.  The  response  of  plants  is  often  related  to  perio- 
dicity, such  as  summer  and  winter  periods  of  precipitation,  and 
to  the  ranges  and  fluctuations  in  various  phases,  rather  than  to 
average  values. 

Each  environmental  factor  has  two  or  sometimes  three  phases: 
intensity,  duration,  and  quality.  High  intensity  of  heat  accom- 
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panied  by  low  humidity  causes  more  damage  if  the  duration 
covers  several  days  rather  than  a  few  hours.  Light  possesses  three 
phases.  The  intensity  of  light  varies  from  8000  to  10,000  foot 
candles  at  noon  on  a  clear  day  in  the  open  to  as  low  as  100  foot 
candles  in  a  dense  forest.  The  duration  of  light  influences  the 
blooming  of  some  kinds  of  plants;  thus  some  bloom  when  the  days 
are  short,  others  when  the  days  are  long.  The  quality  of  light 
affects  photosynthesis,  the  red  rays  being  most  effective  in  this 
process. 

Plants  respond  to  a  complex  of  environmental  factors  impinging 
upon  them  simultaneously,  and  it  is  often  difficult  to  segregate 
one  particular  factor  as  causing  a  certain  response.  Transpira- 
tion, for  example,  is  influenced  by  heat,  humidity,  soil  moisture, 
light,  wind,  and  other  factors  all  operating  at  the  same  time.  On 
a  south-facing  slope  the  rate  of  transpiration  is  usually  greater 
than  on  a  north-facing  one  because  of  the  greater  intensity  of 
several  of  these  factors.  At  the  same  time  that  the  rate  of  trans- 
piration is  increasing  as  the  heat  and  wind  become  more  intense, 
other  processes  such  as  photosynthesis,  absorption,  translocation, 
assimilation,  and  growth  are  also  being  aff'ected.  Every  habitat 
has  a  different  combination  of  environmental  factors — the  com- 
plex in  a  forest,  for  example,  differing  considerably  from  that  in 
a  grassland.  While  both  the  environment  and  the  community  are 
complex,  it  needs  to  be  emphasized  that  the  community  repre- 
sents an  especially  high  degree  of  complexity  because  it  is  made 
up  of  individual  organisms,  each  functioning  in  its  own  particular 
way  in  relation  to  an  environment  in  which  one  factor  may  be 
critical  at  one  time,  and  another  at  some  other  time.  Thus  in  a 
certain  spot  one  plant  with  a  shallow  root  system  may  be  wilting 
while  a  deep-rooted  plant  in  the  same  spot  is  flourishing,  but  in 
early  spring,  when  the  surface  soil  is  moist,  the  former  may  be 
growing  rapidly,  the  latter  slowly. 

Essential  Requirements  for  Every  Species 

The  basic  needs  for  survival,  such  as  water,  mineral  nutrients, 
light,  and  heat  must  be  available,  or  the  plant  cannot  live  and 
grow.  For  example,  the  U-3  strain  of  Bermudagrass  {Cynodon 
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dactylon)  requires  more  than  1232  degree-hours  (summation  of 
degrees  above  0°F  per  hour  per  day)  and  day  temperatures 
above  50°F  to  show  measurable  growth.  If  the  night  temperature 
falls  below  50°,  the  day  temperature  must  be  correspondingly 
higher  to  raise  the  number  of  degree-hours  to   the   essential 


minimum.^  ^^ 


Aquatic  plants  (hydrophytes)  such  as  the  water-lily  [Nym- 
phaea)  and  the  submerged  eel-grass  (^ostera)  require  a  continuous 
supply  of  water;  in  contrast  are  numerous  desert  plants  such  as 
the  creosote  bush  (Larrea  divaricata),  prickly  pear  (Opuntia),  and 
others  (xerophytes)  which  are  able  to  endure  long  periods  with- 
out rain.  Many  annuals  in  the  Arizona  desert  flourish  during  the 
cool  weeks  of  late  winter  and  early  spring  when  the  rainfall  has 
been  adequate.  In  the  Great  Plains,  western  wheatgrass  (Agro- 
pyron  smithii)  requires  more  moisture  and  less  heat  for  good  growth 
than  buffalograss  {Buchloe  dactyloides),  and  by  the  same  token,  for 
the  germination  of  seeds  and  later  growth  of  many  species  the 
soil  moisture  must  be  adequate  at  the  periods  of  the  year  when 
the  temperatures  are  suitable.  Some  grasses,  notably  the  sixweeks 
grasses  {Sporobolus  microspermus,  Festuca  octqflora,  Bouteloua  barbata, 
B.  parry i,  Aristida  adscensionis),  can  grow  and  mature  during  the 
summer  in  southern  Arizona  when  soil  moisture  is  available  for 
only  a  short  time.  Many  kinds  of  weeds  grow  in  size  in  almost 
direct  relation  to  the  supply  of  available  soil  moisture,  Russian 
thistle  {Salsola  kali),  for  example,  growing  from  only  an  inch  or 
two  to  as  much  as  two  feet  with  a  spread  of  as  many  feet  or  more, 
in  response  to  different  amounts  of  soil  moisture.  In  addition,  an 
insufficient  depth  of  soil  may  prevent  development  of  the  root 
system  of  some  deep-rooted  grasses  such  as  orchardgrass  {Dactylis 
glomerata),  leaving  the  area  open  to  invasion  by  shallow-rooted 
grasses  or  weedy  plants. 

An  adequate  supply  of  mineral  nutrients  in  the  soil,  including 
the  trace  elements,  is  most  important  for  the  growth  of  plants. 
This  phase  of  physiology  is  very  inadequately  understood  for  wild 
plants,  but  the  decline  in  vigor  of  some  species  that  apparently 
have  high  nutritional  requirements,  especially  in  grasslands  suf- 
fering from  heavy  grazing  or  erosion,  permitting  the  invasion  of 
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Figure  1-2.  A  plant  with 
wide  ecological  amplitude, 
side-oats  gramagrass  {Boute- 
loua  curtipendula),  is  a 
leafy,  perennial  bunchgrass 
widely  distributed  from  Cali- 
fornia to  Montana,  Maine, 
and  South  Carolina,  being 
most  abundant  in  the  Great 
Plains.  August,  Texas.  (U.S.- 
D.A.  Soil  Conservation 
Service.) 


species  with  lower  requirements,  points  to  mineral  deficiency  as  a 
cause.  Areas  in  the  vicinity  of  bird  roosts  and  animal  dens  or  bur- 
rows may  favor  the  persistence  or  the  invasion  of  species  with  high 
nitrogen  requirements — for  optimum  growth  many  grasses  need 
more  nitrate  and  phosphate  than  is  naturally  present  in  some 
soils.  Sufficient  potash  in  relation  to  nitrogen  has  been  found  to 
reduce  the  winterkilling  of  some  grasses,  while  lime  is  often 
needed  in  some  soils  to  counteract  acidity.  The  trace  elements, 
boron,  copper,  manganese,  or  zinc,  may  be  required  to  remedy 
soil  deficiencies  in  some  regions. 

Big  sagebrush  {Artemisia  tridentata)  and  its  common  associates 
are  practically  never  found  in  soils  developed  from  altered  vol- 
canic rocks  in  the  western  part  of  the  Great  Basin  in  the  United 
States.  Apparently  these  plants  are  unable  to  secure  some  essen- 
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Figure  1-3.  Essential  re- 
quirements are  not  adequate 
for  corn  on  this  hill;  grass- 
land would  not  only  make 
better  use  of  the  resources 
but  also  improve  them. 
Michigan.  (U.S.D.A.  Soil 
Conservation  Service.) 


^^l^Mi^'h^  S'  f-  J" 


tial  requirements,  for  the  soils  there  are  quite  acid  and  very 
deficient  in  phosphorus,  nitrogen,  and  exchangeable  bases  com- 
pared to  soils  from  unaltered  rocks  where  Artemisia  tridentata  and 
its  associates  grow.  The  pines,  Pinus  ponderosa  and  P.  jeffreyi,  and 
some  herbaceous  montane  plants  are  able  to  grow  in  mineral- 
deficient  soils,  however,  even  though  the  precipitation  is  consider- 
ably less  than  in  the  pine  forests  of  the  Sierra  Nevada  Mountains 
to  the  west.^^ 

Many  grasses  possess  definite  length-of-day  requirements.  A 
strain  of  side-oats  gramagrass  {Bouteloua  curtipendula)  (Figure  1-2) 
from  southern  Texas  requires  intermediate  or  short  days,  with  an 
upper  critical  photoperiod  of  13  to  14  hr,  for  vigorous  growth.  A 
strain  of  this  same  grass  from  North  Dakota  requires  long  days, 
flowering  vigorously  in  day  lengths  of  more  than  14  hr — even 
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vegetative  growth  of  this  strain  being  severely  hmited  when  the 
photoperiod  is  below  13.5  hr.  Plants  from  central  Oklahoma  have 
either  intermediate  or  long-day  requirements,  with  a  lower  crit- 
ical photoperiod  of  less  than  13  hr,  vegetative  growth  of  this  strain 
being  vigorous  in  periods  of  13  hr  or  more.^^^  By  means  of  this 
ecotypic  differentiation  in  essential  requirements,  side-oats  grama 
is  adapted  to  a  wide  latitudinal  range.  Little  bluestem  {Andro- 
pogon  scoparius)  shows  an  even  wider  adaptation  of  requirements 
to  latitudinal  and  other  environmental  conditions.  Thus  in  the 
reseeding  of  depleted  lands  it  is  important  to  consider  the  require- 
ments of  the  strains  or  species  that  are  used.  The  seed  should  come 
from  areas  as  similar  as  possible,  especially  in  latitude,  temper- 
ature, precipitation,  and  evaporating  power  of  the  air.  Such  simi- 
lar areas  are  known  as  homoclimes  or  agroclimatic  analogs.^ ^2 
Knowledge  of  the  requirements  of  cultivated  plants  is  far  ad- 
vanced in  contrast  to  that  for  wild  plants  (Figure  1-3).  The  former 
are  usually  grown  in  single  cultures  under  definite  spacing  so  that 
competition  between  plants  for  essential  requirements  is  reduced 
sufficiently  to  permit  maximum  yields  per  acre.  Wild  plants,  how- 
ever, grow  in  mixtures  of  many  species  in  which  it  is  difficult  to 
determine  the  requirements  of  individual  ones.  Data  obtained  by 
growing  wild  plants  in  pure  cultures  are  only  partially  applicable 
to  natural  mixtures  because  of  great  differences  in  requirements, 
as  indicated  by  differences  in  growth  rate  and  form,  when  they 
are  grown  in  association.  Techniques  for  determining  the  require- 
ments of  species  in  natural  stands  need  to  be  designed,  so  the 
effects  of  competition  and  other  interactions  may  be  better 
understood. 

Ecological  Amplitude 

The  characteristic  potentiality  for  growth  of  a  species  within  a 
limited  range  of  environmental  conditions  is  known  as  the  eco- 
logical amplitude  or  tolerance  range  of  the  species.  Ecological 
amplitude  seems  preferable  because  it  presents  more  clearly  the 
idea  of  the  range  of  conditions  in  which  an  organism  can  live  and 
thrive,  while  tolerance  refers  more  to  the  extremes  within  which 
an  organism  can  survive.  The  former  is  affirmative  and  definite, 
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the  latter  is  negative.  In  his  "Theory  of  Tolerance  and  Principle 
of  Limiting  Factors,"  Good  emphasizes  that  plant  distribution 
is  controlled  primarily  by  climatic  factors,  secondarily  by  edaphic 
factors;  that  plant  processes  are  limited  by  definite  ranges  of  in- 
tensity of  climatic  and  edaphic  factors;  and  that  the  range  of 
amplitude  for  a  particular  factor  often  differs  for  various  stages 
of  the  life  cycle. ^^ 

The  ecological  amplitude  of  a  species  depends  upon  the  genetic 
variability,  or  the  array  of  biotypes  and  ecotypes  that  it  possesses, 
as  well  as  upon  the  range  of  phenotypic  expression  of  the  biotypes 
and  ecotypes.  For  example,  Stipa  spartea  owes  its  range  of  ecolog- 
ical amplitude  to  broad  phenotypic  expression  of  one  or  a  few 
kinds  of  genotypes,  but  Andropogon  scopanus  owes  its  wide  range 
to  many  kinds  of  ecotypes,  each  one  with  its  own  individual  range 
of  phenotypic  expression. '^^  The  ecological  amplitude  of  many 
species  is  apparently  not  only  wide  enough  for  it  to  live  in  its  usual 
habitat,  but  also  to  live  if  necessary  in  habitats  that  are  less  favor- 
able. This  reserve  of  amplitude  is  similar  to  Nicholson's  idea  of 
"hyperadaptation"    produced    by    natural    selection' ^°    and   to 
McMillan's  "fund  of  genetic  insurance  .  .  .  which  would  enable 
survival  of  a  population  under  changed  habitat  conditions."  ''*" 
The  survival  in  a  somewhat  different  environment  from  the  orig- 
inal one  may  provide  a  base  for  further  ecological  adaptation.  On 
the  other  hand,  while  the  amplitude  may  be  wide  enough  for  sur- 
vival in  the  physical  conditions  of  the  new  habitat,  competition 
with  other  organisms  better  adapted  to  this  environment  may 
prevent  survival. 

The  ecological  amplitude  of  a  species  is  often  decisive  in  deter- 
mining whether  or  not  it  will  be  present  in  a  certain  habitat  or 
community.  It  is  also  often  decisive  in  determining  the  endurance 
of  a  species  to  fluctuations  in  the  environment  within  a  certain 
habitat.  In  the  long  course  of  evolution  some  species  have  become 
attuned  to  the  amplitudes  of  cold  regions,  others  to  those  of  hot 
regions,  saline  deserts,  or  temperate  forests.  At  least  one,  but 
usually  more,  environmental  factors  may  be  critical  in  limiting 
the  ecological  amplitude  of  a  species  so  that  it  is  restricted  in  its 
geographical  distribution.  Kentucky  bluegrass  {Poa  pratensis),  for 
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example,  is  limited  in  its  southward  distribution,  chiefly,  it  ap- 
pears, by  high  summer  temperatures  and  low,  or  excessive,  soil 
moisture.  Bermudagrass  {Cynodon  dactylon)  is  limited  northward  by 
low  intensity  or  insufficient  duration  of  adequate  temperatures. 
The  former  has  a  wide  range  of  amplitude  at  lower  temperatures, 
the  latter  a  wide  range  at  higher  temperatures.  But  Bermuda- 
grass  appears  to  have  a  wider  range  for  soil  moisture  than  Ken- 
tucky bluegrass. 

Table  1-1.  Amplitudes  of  Species  to  Approximate  Concentrations  of  Mineral  Salts 
IN  Marsh,  Transition  Bog,  and  Sphagnum  Bog  in  Central  Russia. 
(After  N.  J.  Katz.'^i) 

Marsh,  Transition  Bog,  Sphagnum  Bog, 

6  to  10%  5  to  6%  3.5  to  5% 

Pinus silvestris 

Betula alba Scheuchzeria  palustris .  . 

Alnus  glutinosa Carex  lasiocarpa Rhynchospora  alba 

Carex limnosa 

Carex rostrata Eriophorum  vaginatum  . 

Menyanthes  tnfoliata Ledum  palustre 

Calla  palustris Cassandra  calyculata  .  . 

Carex  vesicana 

Carex  diandra Molinia  coerulea 

Carex  gracilis Calamagrostis  lanceolata 

Carex  paradoxa 

Carex  caespitosa 

Aulocomnium  palustre 

Camptothecium  nitens Sphagnum  subbicolor ....    Sphagnum  medium  .  .  .  . 

Acrocladium  cuspidatum Sphagnum  balticum  .  .  . 

Drepanocladus  vernicosus Sphagnum recurvum 


In  rigorous  environments  the  geographic  distribution  of  species 
is  probably  indicative  of  tolerance  limits.  For  example,  in  Spitz- 
bergen,  species  such  as  Luzula  confusa,  Oxyria  digyna,  Polygonum 
vivipara,  Poa  alpina  vivipara,  Salix  polaris,  and  Saxifraga  oppositifolia 
which  grow  in  a  variety  of  habitats  differing  in  altitude  and  sub- 
stratum, probably  have  wide  ecological  amplitudes,  while  other 
species  such  as  Alopecurus  alpinus,  Calamagrostis  neglecta,  Carex  mis- 
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andra,  Trisetum  spicatum,  Silene  acaulis,  Pedicularis  hirsuta,  and  Draba 
oblongata  which  grow  in  one  or  a  few  kinds  of  habitats  seem  to  have 
narrow  ranges.  ^'^  Competition  may,  however,  play  some  role  in 
the  distribution  of  these  species.  In  central  Russia  Menyanthes  tri- 
foliata  occurs  as  a  dominant  in  a  number  of  marsh  and  bog  com- 
munities in  part  because  of  its  wide  range  of  ecological  amplitude 
with  respect  to  water,  concentration  of  mineral  salts,  and  light 
intensity,  as  shown  in  Table  1-1.  Pinus  silvestris  can  grow  where 
the  water-table  is  15  to  20  cm  below  the  soil  surface,  but  it  is  not 
dominant  unless  the  water-table  is  about  twice  that  deep.'^^ 
Zonation  of  plants  is  often  caused  by  differences  in  ecological 
amphtude  of  species.  The  causative  factor  may  be  the  water  con- 
tent of  the  substratum,  as  on  the  borders  of  lakes;  salt  content  of 
the  soil,  as  in  saline  depressions;  or  length  of  the  growing  season, 
as  on  mountain  peaks  (Figure  1-4).  The  duration  of  snow  cover 
in  arctic  and  alpine  regions  affects  the  length  of  the  growing  sea- 
son and  the  amount  of  soil  moisture.  For  example,  in  the  bottom 
of  a  small  alpine  valley  in  Rondane,  Norway,  where  the  snow 
melts  late,  the  ground  is  covered  with  meadow-like  vegetation, 
with  Deschampsia  Jiexuosa  and  Carex  bigelowii  as  herbaceous  domi- 


Figure  1-4.  Variation  in  environmental  conditions,  with  in- 
creasing altitude  and  differences  between  species  in  require- 
ments and  ecological  amplitude,  are  causes  of  zonation.  The 
zones  shown  here  are  (1)  foreground,  8000  to  about  9000  ft: 
low  shrubs  (Gutierrezia,  Chrysothamnus)  and  blue  grama- 
grass  (Bouteloua  gracilis);  (2)  oak  brush  to  about  9500  ft; 
(3)  spruce-fir  to  about  11,500  ft,  with  much  aspen  in  old 
burns;  (4)  alpine  to  about  12,500  ft.  West-facing  slopes  of 
the  Sangre  de  Cristo  Range,  Colorado. 
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Chart  1.  Chart  of  snow-bed  vegetation  at  altitude  of  1090  m  in  the  Rondane 
Region,  Norway,  occurring  as  zones  because  of  the  response  of  species  to 
depth  and  duration  of  snow  cover.  Community  boundaries  are  shown  in 
heavy  lines,  relief  in  light  form-lines.  (See  Chart  2  for  frequency  distribution 
of  species  along  transect  shown  in  broken  line.)  (A)  Cetrarietum  nivalis; 
(B)  Cladonietum  alpestris-Betuletosum;  (C)  Myrtilletum  dicranetosum; 
(D)  Deschampsieto-Dicranetum  fuscae;  (E)  Phyllodoco-Juncetum  trifidi. 
(After  Dahl,  E.  (62),  "Rondane,  Mountain  Vegetation  in  South  Norway  and 
Its  Relation  to  the  Environment,"  Figure  9,  Aschehoug  &  Co.,  Oslo,  1956.) 


nants  and  the  moss  Dicranum  fuscescens  and  the  hepatic  Orthocaulis 
Jloerkei  making  up  most  of  the  ground  cover.  A  dark-colored,  low 
shrub  zone  occupies  the  lower  parts  of  the  slopes,  with  Vaccinium 
myrtillus  as  the  chief  dominant  and  having  the  same  ground  cover 
as  in  the  preceding  area  (see  Charts  1  and  2).  The  next  higher 
zone  is  light-colored,  consisting  mostly  of  the  lichen  Cladonia 
alpestris.  On  top  of  the  ridge  where  the  snow  cover  is  lacking  or 
thin  and  melts  early,  the  lichens  are  chiefly  Cetraria  nivalis  and 
Alectoria  ochroleuca.^"^  Some  species  grow  where  the  snow  lasts  long 
and  hence  it  appears  that  their  amplitude  range  is  narrow,  while 
other  species  such  as  Vaccinium  myrtillus,  growing  where  the  snow 
cover  is  medium  in  depth,  have  a  fairly  wide  range.  The  lichen 
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Cetraria  islandica  has  an  extremely  wide  range.  Competition  is  also 
involved  in  the  zonation  for  certain  species  such  as  Cladonia 
alpestris,  and  other  lichens  do  not  grow  well  in  close  association 
with  taller  vascular  plants. 

•  Zonation  along  seacoasts  is  often  caused  by  differential  toler- 
ance of  species  to  salinity.  Salt  spray  appears  to  be  the  chief  fac- 
tor in  causing  zonation  on  the  Atlantic  Coast  of  the  southeastern 
United  States.  Adjacent  to  the  bare  beach  is  a  zone  of  sea  oats 
{Umola  paniculata)  forming  a  foredune,  followed  inland  by  a  zone 


Chart  2.  Frequency  distribution  of  species  along  the  transect  shown  in  Chart  1. 
Communities  are  indicated  by  letters  A,  B,  C,  and  D.  (After  Dahl,  E.  (62), 
"Rondane,  Mountain  Vegetation  in  South  Norway  and  Its  Relation  to  the 
En\'ironment,"  Figure  10,  Aschehoug  &  Co.,  Oslo,  1956.) 
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Figure  1-5.  The  ecological  amplitude  of  cypress  {Taxodium 
distichum)  enables  it  to  grow  in  shallow  water.  May,  North 
Carolina.  (U.  S.  Forest  Service.) 

of  wax  myrtle  {Myrica  cerifera)  and  yaupon  {Ilex  vomitoria),  which 
is  finally  succeeded  inland  by  a  zone  of  maritime  live  oak  (Quer- 
cus  virginiana)  on  the  stable  dunes.  All  the  zones  are  exposed  to 
salt  spray,  the  sea  oats  receiving  the  most.^' 

Phenological  differences,  such  as  the  appearance  of  flowers  in 
species  at  different  seasons  of  the  year,  are  usually  caused  by 
variations  in  ecological  amplitude.  Annual  species  in  California 
deserts  have  definite  and  rather  narrow  limits  of  amplitude  for 
the  amount  and  duration  of  precipitation  and  for  temperature 
conditions  while  the  soil  is  wet,  some  species  germinating  and 
growing  only  in  the  summer,  others  only  in  the  winter. ^^o 

Plants  growing  within  the  optimum  range  of  ecological  ampli- 
tude of  the  species  (Figure  1-5)  can  be  expected  to  be  best  in  vigor 
and  in  greatest  density,  but  even  under  such  conditions  competi- 
tion may  have  detrimental  effects.  Usually  a  species  possesses 
maximum  competitive  power  in  a  habitat  that  is  in  the  optimum 
range.  However,  as  the  limits  of  the  amplitude  range  are  ap- 
proached, the  plants  become  increasingly  susceptible  to  loss  of 
vigor  and  death,  partly  because  of  competition  with  other  species. 
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Figure  1-6.  Rapid  growth,  dense  cover,  and  soil-binding 
roots  with  nitrogen-fixing  bacteria,  make  kudzu  (Pueraria 
thunbergiana)  valuable  in  erosion  control  in  the  south- 
eastern United  States.  October,  Mississippi.  (U.S.D.A.  Soil 
Conservation  Service.) 


The  influence,  or  reactions,  of  a  species  upon  the  habitat  may 
produce  optimum  conditions  for  the  same  or  for  other  species. 
Cattail  (Typha),  for  example,  when  it  first  invades  a  lake  improves 
the  habitat  for  itself,  but  later,  as  the  soil  level  is  raised,  the 
habitat  becomes  more  suitable  for  invaders.  Cycles  of  changes 
may  occur  (see  Chapter  4)  as  in  Great  Britain  with  Festuca  ovina  as 
the  key  plant.  It  invades  stony  areas,  improves  the  soil,  and  forms 
hummocks,  which  gradually  increase  in  height  causing  the  fescue 
to  lose  vigor.  Lichens  then  invade  and  erosion  follows,  resulting 
in  a  stony  surface  again.  The  cycle  includes  a  building  phase  and 
a  degenerative  phase,  in  which  the  reactions  of  the  plants  change 
the  environmental  conditions  from  poor  to  good  and  then  to  poor 
again  for  the  respective  species.  These  changes  and  the  differences 
in  ecological  amplitude  make  the  cycle  possible. ^^^ 

Some  species  have  more  pronounced  reactions  than  others,  and 
this  may  be  of  considerable  importance  in  soil  improvement 
(Figure    1-6).   In   Nebraska  the  cool-season   grasses:    Agropyron 
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desertorum,  A.  intermedium,  A.  smithii,  A.  cnstatum,  Bromus  inermis,  and 
Elymus junceus,  after  seven  years'  growth,  had  a  more  favorable 
effect  on  the  soil  structure,  permitting  greater  penetration  of 
water,  than  the  warm-season  grasses:  Andropogon  gerardi,  Boutelom 
curtipendula,  B.  gracilis,  and  Buchloe  dactyloides.  An  additional  fac- 
tor was  involved  in  the  low  intake  of  water  where  Buchloe  was 
growing,  for  the  numerous  fine  roots  entrapped  air  bubbles  thus 
reducing  the  infiltration.  ^''^ 

Efficiency  of  Species  in  Utilizing  the  Available 

Resources  of  the  Environment 

This  efficiency  is  attributable  to  the  genetically  induced  effec- 
tiveness, under  various  environmental  conditions,  of  physiological 
processes,  which  are  summed  or  integrated  in  the  principles  con- 
cerning requirements  and  the  ecological  amplitude.  Many  annual 
species  have  greater  capacity  than  perennials  for  growth  on  de- 
pleted sites  in  early  stages  of  succession,  apparently  because  of 
their  wide  ecological  amplitude,  great  plasticity  in  size,  and  small 
requirements,  but  it  appears  that  the  plants  in  the  early  stages 

Figure  1-7.  Russian  thistle  (Salsola  kali)  is  efficient  in  uti- 
lizing resources  of  various  habitats  from  drought-stricken 
Belds  and  grasslands  to  embryonic  dune  areas.  Note  dust 
storm  in  distance.  March,  near  Fremont,  Wyoming. 
(U.S.D.A.  Soil  Conservation  Service.) 


I 


Txxr 


%M)^. 


Figure  1-8.  While  soil  requirements  of  grassland,  chief 
species  needle-and-thread  {Stipa  comata),  must  be  secured 
in  deep  soil  with  relatively  few  rocks,  those  of  mountain 
mahogany  {Cercocarpus  montanus)  can  be  obtained  in  a 
very  rocky  substratum.  August,  Front  Range,  Colorado. 

usually  make  less  use  of  the  environmental  resources  than  those 
in  the  later  stages  (Figure  1-7). 

Considerable  variation  exists  between  species  in  capacity  to 
utilize  resources  of  the  habitat  (Figure  1-8).  For  example,  Bromus 
inermis  and  Agropyron  smithii  show  greater  response  to  nitrate 
fertilizer  than  Bouteloua  gracilis  under  similar  conditions,  and  in 
northern  Colorado  Stipa  viridula  and  Agropyron  smithii  renew  spring 
growth  earlier  than  Bouteloua  gracilis,  Buchloe  dacty hides,  and  Aris- 
tida  longiseta.  Vegetative  growth  of  these  species  is  usually  com- 
pleted by  the  latter  part  of  June  when  the  soil  moisture  has  been 
exhausted,  but  Buchloe  and  Bouteloua  are  able  to  renew  growth 
readily  later  in  the  summer  if  rains  provide  enough  soil  moisture; 
Agropyron  and  Stipa,  however,  cannot  grow  well  at  the  higher 
temperatures.  In  western  North  Dakota  the  well -adapted  species: 
Agropyron  smithii,  Stipa  comata,  Bouteloua  gracilis,  Carex  eleocharis,  and 
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Figure  1-9.  Variations  in  size  and  shape 
of  cones  and  in  scale  characters  are  found 
in  natural  stands  of  slash  pine  {Pinus 
caribaea),  the  state  tree  of  Alabama. 
Florida.  (U.  S.  Forest  Service.) 


C.  pennsylvanica  produce  more  than  60  per  cent  of  their  vegetative 
growth  by  the  end  of  July.  It  is  evident  that  during  the  evolution 
of  grasslands  in  the  Great  Plains,  natural  selection  has  resulted 
in  producing  a  high  degree  of  adaptiveness  to  rigorous  and  vari- 
able environmental  conditions. 

Within  a  single  stand,  even  a  very  homogeneous  one,  individ- 
uals of  each  species  probably  differ  slightly  in  their  minimum  re- 
quirements of  water  and  other  substances  and  in  their  ranges  of 
ecological  amplitude.  Moreover,  variations  in  environmental 
conditions  produce  microhabitats  in  even  the  most  uniform 
stands.  The  population  of  a  species  within  a  given  microhabitat 
may  belong  to  one  genotype,  constituting  a  biotype,  while  neigh- 
boring microhabitats  contain  other  biotypes.  In  this  way  the 
various  clusters  of  biotypes,  within  one  species,  occupying  a  par- 
ticular kind  of  habitat,  constitute  an  ecotype.^°^  The  number  and 
kinds  of  biotypes  vary  according  to  kinds  of  species  and  habitats, 
so  a  remarkable  genetic  diversity  exists  in  both  natural  and  cul- 
tivated populations^^  (Figures  1-9  and  1-10).  A  number  of  trans- 
plant experiments  have  shown  that  the  relationship  of  the  eco- 
type  to  conditions  of  the  original  habitat  is  close,  and  so  long  as 
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the  conditions  remain  within  a  critical  range,  one  kind  of  ecotype 
will  prevail.  But  if  the  conditions  change  beyond  this  range,  then 
it  can  be  expected  that  a  sorting  of  biotypes  will  lead  to  an  in- 
crease in  the  better-adapted  kinds  and  a  decrease  or  disappear- 
ance of  others,  resulting  in  time  in  a  new  ecotype,  and  conse- 
quently in  increased  capacity  to  grow  under  changed  conditions. 

New  biotypes  apparently  can  readily  form  when  plants  are 
grown  in  a  new  habitat  for  a  few  generations.  Strains  of  forage 
plants,  for  example,  from  a  northern  latitude,  when  grown  for  two 
or  three  generations  in  more  southern  latitudes,  show  increased 
susceptibility  to  frost  and  decreased  production  of  green  forage 
when  grown  again  in  the  north,  ^^s  Therefore,  in  hastening  the 
production  of  seed  of  a  new  strain  by  growing  it  in  a  more  favor- 
able region,  the  length  of  time  in  this  region  should  be  limited  to 
one  or  two  generations  at  the  most,  so  natural  selection  of  new 
biotypes  will  not  modify  the  characteristics  of  the  strain. 

Hybridization  also  produces  new  types  that  may  be  more  effi- 
cient than  the  parents  in  utilizing  the  resources  of  the  environ- 
ment. Habitat  preferences  are  inherited  in  substantially  the  same 
fashion  as  any  other  character,  so  many  hybrids  are  unlikely  to 

Figure  1-10.  Genetic  diversity  in  height,  leafiness,  date  of 
maturity,  and  seed  production  is  shown  in  strains  of  Canada 
wildrye  growing  in  an  observational  nursery,  Pullman, 
Washington.  (U.S.D.A.  Soil  Conservation  Service.) 
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survive  in  nature  because  suitable  habitats  are  usually  not  avail- 
able, unless  the  natural  vegetation  has  been  disturbed.^  Natural 
hybridization  between  species  in  the  same  genus,  and  even  be- 
tween species  in  different  genera,  is  more  common  in  the  grass 
family  than  in  most  families  of  flowering  plants,  probably  because 
grasses  usually  grow  close  together,  are  wind-pollinated,  and 
many  kinds  are  self-incompatible. ^^^  Parents  differing  consider- 
ably in  requirements  and  amplitude  are  likely  to  produce  hybrids 
which  possess  broad  adaptation.  In  artificial  breeding  it  is 
important  that  both  parents  have  ranges  of  requirements  and 
amplitude  which  approach  the  environmental  conditions  of  the 
area  where  the  hybrid  is  to  be  grown,  for  example,  species 
adapted  to  the  southwestern  part  of  the  Great  Plains,  where 
winters  are  cold  and  dry  and  the  summers  hot  with  frequent 
showers  in  late  summer,  are  not  suitable  as  parents  of  hybrids  to 
be  used  in  parts  of  California  with  cool,  rainy  winters  and  hot, 
dry  summers.^°  It  has  been  found,  however,  that  the  genetic  sys- 
tems of  some  wild  species  can  be  rearranged  through  interspecific 
crossings  so  that  the  modified  amplitude  of  the  offspring  enables 
them  to  live  in  various  habitats.  ^^ 

RELATIONS  AMONG  INDIVIDUALS  OF  THE  SAME 
OR  DIFFERENT  SPECIES 

The  complexity  in  the  interrelations  of  plants  is  caused  by  the 
number,  variety,  and  frequency  of  interactions  between  many 
individuals.  The  interactions  change  with  the  time  of  day  and 
with  the  season;  some  are  favorable  for  growth  and  reproduction, 
some  are  unfavorable,  and  some  appear  inconsequential.  These 
interrelations  have  been  grouped  under  various  terms  such  as 
symbiosis  in  a  broad  sense, ^^^'^^  coaction,^^  and  types  of  reactions 
or  interactions. ^^^  A  useful  classification  of  interrelations  on  the 
basis  of  contiguity  is  as  follows: 

( 1 )  Interrelations  of  organisms  that  are  not  in  actual  contact 
or  not  in  contact  continuously;  disjunctive. 

(2)  Interrelations  of  organisms  that  are  in  close  bodily  con- 
tact, where,  if  this  contact  is  broken,  one  or  the  other 
organism  suffers;  conjunctive. 

26     •    Species  amd  Popimlatioxms 


Some  disjunctive  interrelations  are  competition,  association  of 
species,  pollination,  dispersal  of  seeds  and  fruits,  antibiosis,  and 
grazing.  Conjunctive  interrelations  include  parasitism,  mutual- 
ism, and  commensalism. 

The  interrelations  of  species  as  they  affect  the  grouping  of 
organisms  will  be  considered  under  six  principles,  four  disjunc- 
tive and  two  conjunctive. 

DiflFerences  of  Species  in  Competitive  Capacity 

Competition  is  the  state  or  relationship  that  exists  between  in- 
dividuals of  the  same  or  different  species  when  the  resources  of 
the  ecosystem  in  which  they  are  living  are  insufficient  to  supply 
the  needs  of  all  the  plants  in  it.  In  a  rigorous  sense,  "competition" 
is  not  the  most  precise  term.  In  a  soil  where  the  water  content  is 
approaching  the  wilting  percentage,  the  plants  with  deeper 
roots  or  superior  water  economy  may  continue  to  live  until 
more  water  comes;  the  wilting  and  death  of  many  plants  are 
caused  by  insufficient  soil  moisture,  not  by  any  direct  action 
of  one  plant  upon  another.'''*  The  term  "competition,"  as  usually 
used,  refers  to  the  greater  growth  in  vigor  of  some  individuals  as 
compared  to  others  when  a  certain  requirement  is  in  short  supply 
for  one  or  more  individuals.  The  capacity  to  compete  depends 
upon  the  requirements,  ecological  amplitude,  and  efficiency  in 
resource  use  of  the  various  biotypes  in  an  area. 

Many  qualities,  both  genotypic  and  phenotypic,  influence  the 
competitive  capacity  of  plants.  Some  of  these  are  rate  of  growth, 
size,  ability  to  produce  tillers,  tolerance  of  drought  or  shade, 
annual  or  perennial  habit  of  growth,  and  the  number  of  leaves 
and  roots.  The  plants  that  are  most  efficient  in  utilizing  resources 
in  short  supply  have  the  best  chance  of  survival,  but  even  under 
severe  competition  some  less  efficient  biotypes  will  survive 
because  of  their  location  in  more  favorable  microhabitats.  Adap- 
tations such  as  a  shallow  root  system  and  early  spring  growth  that 
reduce  competition  with  other  deep-rooted,  summer-growing 
species  enable  some  species  to  survive. 

Competition  between  individuals  of  closely  similar  competitive 
capacity,  as  within  an  ecotype  population,  is  very  intense  in  thick 
stands  of  seedlings  of  young  plants  (Figure  1-11).  The  struggle  for 
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Figure  1-11.  Competition  is  intense  between  individuals  of 
one  species,  the  red  pine  {Pinus  resinosa),  in  this  25-year- 
old  stand.  Minnesota.  (U.  S.  Forest  Service.) 

existence  results  in  a  pattern  in  which  the  spacing  of  the  survivors 
is  adapted  in  high  measure  to  the  resources  of  the  environment, 
e.g.,  bunchgrasses  which  are  more  closely  spaced  in  mesic  than 
in  xeric  sites.  When  two  species  of  the  same  genus,  occurring  in 
the  same  region,  are  very  similar  in  growth-form  and  phenology, 
such  as  Andropogon  scoparius  and  A.  virginicus  in  the  southeastern 
United  States,  they  do  not  usually  occur  together  in  the  same 
stand  in  similar  spacing  or  abundance.  One  is  usually  numerous, 
the  other  sparse,  indicating  that  there  must  be  differences  in  re- 
quirements or  ecological  amplitude  not  evident  in  the  gross  life- 
form  or  phenology,  which  give  one  the  advantage  in  competition 
over  the  other  in  certain  habitats.  These  differences  may  explain 
in  part  why  associated  plants  usually  belong  to  different  genera, 
for  then  they  are  more  likely  to  be  sufficiently  dissimilar  in  re- 
quirements and  amplitudes  so  they  can  associate  without  com- 
peting. One  species  may  grow  well  in  the  shade  of  another 
because  of  differences  in  light  requirements,  another  species  may 
absorb  water  and  nutrients  at  a  different  level  or  at  a  different 
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Figure  1-12.  Competition  may  be  severe  between  plants  of 
different  life-form,  such  as  grasses  and  mesquite  (Prosopsis). 
When  the  latter  is  killed  the  grasses  increase  in  vigor.  In 
this  late-summer  aspect,  grasses  are  dominant  in  the  fore- 
ground, mesquite  in  the  background.  September,  Santa  Rita 
Experimental  Range,  southern  Arizona.  (U.  S.  Forest 
Service.) 

time.  The  requirements  of  species  in  various  genera  usually  differ 
more  in  time  and  space  than  species  in  the  same  genus,  but  this 
is  not  invariably  true  (Figure  1-12);  differences  in  either  case 
may  be  so  great  that  they  cannot  grow  in  the  same  habitat.  On 
the  other  hand,  species  in  different  genera  such  as  Bouteloua 
gracilis  and  Buchloe  dactyloides  in  parts  of  the  central  Great  Plains, 
undergo  competition  similar  to  that  between  individuals  of  the 
same  species;  and  in  some  habitats  species  in  the  same  genus,  such 
as  Bouteloua  gracilis  and  B.  curtipendula,  are  associated  apparently 
because  the  resources  of  the  environment  are  adequate  to  supply 
the  somewhat  different  needs  of  each  and  because  the  genetic  in- 
dividuality of  each  is  not  lost  in  hybridization.  Much  more  field 
and  experimental  research  is  needed  for  understanding  the  asso- 
ciation or  lack  of  it  between  similar  and  dissimilar  species. 

A  species  can  be  expected  to  have  greatest  competitive  capa- 
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city  when  it  is  growing  within  its  optimum  range  of  ecological 
amplitude  (Figure  1-13).  For  example,  in  alpine  regions  in  Alaska 
and  Norway  the  lichen  Cladonia  alpestris  is  dominant  and  sup- 
presses other  lichens,  mosses,  and  even  low  shrubs  when  it  is 
growing  under  optimum  conditions;  but  under  less  favorable  ones 
it  competes  poorly.  In  Alaska  Vaccinium  uliginosum  has  a  moder- 
ately wide  range  of  ecological  amplitude,  but  apparently  it  is 
dominant  only  within  its  optimum  range.  Species  with  wide 
ecological  amplitude,  such  as  Vaccinium  vitis-idaea  in  Alaska  and 
Norway,  and  Agropyron  smithii  and  Bouteloua  curtipendula  in  the 
Great  Plains  and  adjacent  foothills  of  the  Rocky  Mountains, 
occur  in  many  communities,  but  as  dominants  they  occur  only 
in  sites  where  their  competitive  capacities  can  be  well  developed. 
Root  systems  of  plants  play  a  very  important  part  in  competi- 
tion. When  the  root  systems  of  diflFerent  species  are  in  the  same 
horizons,  competition  is  often  severe  for  limited  supplies  of  mois- 
ture, nitrates,  and  other  resources.  Bromus  tectorum,  a  winter  annual 
in  many  parts  of  the  western  United  States,  by  its  early  spring 

Figure  1-13.  A  stand  of  Ladino  clover  (Trifolium  repens 
var.  Ladino),  showing  maximum  competitive  capacity,  is 
growing  here  on  slightly  wet,  silty  clay  soil,  well  within  its 
range  of  optimum  ecological  amplitude.  A  plentiful  supply 
of  readily  exchangeable  potassium  in  the  soil  is  needed  to 
enable  legumes  to  compete  successfully  with  grasses.  Arkan- 
sas. (U.S.D.A.  Soil  Conservation  Service.) 
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growth  and  the  numerous  roots  in  the  surface  soil,  reduces  the 
moisture  to  such  a  degree  that  slow-growing  annuals  or  perennials 
are  seriously  retarded  in  establishment,  growth,  or  survival.  In 
Idaho  only  a  few  seedlings  of  the  shrub  Purshia  tridentata  are  able 
to  survive  the  competition  o^  Bromus  tectorum  during  the  first  sum- 
mer, being  better  able  to  compete  with  broad-leaved  summer 
annuals  than  with  BromusJ^^  One  reason  for  the  success  of 
crested  wheatgrass,  smooth  bromegrass,  and  other  species  that 
are  used  in  reseeding  rangelands,  is  the  rapid  development  of 
roots  after  germination.  The  top  inch  or  two  of  soil  is  likely  to  dry 
very  soon  after  a  rain,  so  the  seedlings  with  roots  several  inches 
long  that  penetrate  into  moist  soil  have  a  great  advantage  in 
competition  over  other,  shallow-rooted  plants. 

Geographic  location  may  influence  competition,  as  in  southern 
Idaho  where  Agropyron  spicatum  and  Artemisia  tridentata  compete 
severely,  while  in  central  Washington  they  seem,  instead,  to  be 
complementary.  ^^ 

The  competitive  advantage  of  one  species  over  another  may  be 
caused  by  greater  cation-exchange  capacity  or  by  greater  adapt- 
ability in  modifying  this  capacity  in  relation  to  the  soil.  Experi- 
ments have  shown  that  plants  such  as  wheat,  beans,  tomato,  and 
peas  vary  in  capacity  to  adapt  to  different  concentrations  of 
cations  and  anions  in  the  soil.  The  root  CEC,  operating  in  ac- 
cordance with  the  Donnan  equilibrium,  is  not  the  only  factor 
governing  ion  uptake,  for  plants  also  differ  in  the  second  kind  of 
passive  absorption,  diff^usion;  and  also  in  capacity  to  carry  on 
active  absorption  against  a  concentration  gradient  and  the  Don- 
nan  equilibrium  gradients  at  the  expense  of  respiratory  energy.^"^ 

Seedlings  of  grasses  and  forbs  encounter  great  difficulty  in  be- 
coming established  in  grasslands  that  are  in  good  condition,  but 
do  so  readily  in  bare  areas  caused  by  drought,  overgrazing,  or 
other  disturbance.  The  competitive  relationships  are  often  intri- 
cate, as,  for  example,  in  New  South  Wales,  Australia,  when  seeds 
o^  Bothriochloa  ambigua,  a  grass  of  low  grazing  value,  and  Danthoma 
spp.,  with  higher  grazing  value,  are  both  disseminated  into  a  bare 
area.  Here  the  latter  species  have  only  a  limited  effect  on  the 
former,  not  enough  to  prevent  Bothriochloa  from  becoming  estab- 
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lished  as  the  dominant.  The  more  vigorous  root  growth  of 
Bothriochloa,  as  compared  to  Danthonia,  gives  the  former  an  initial 
advantage  in  competition.  But  in  native  pastures  already  occupied 
by  Danthonia,  invasion  by  Bothriochloa  is  not  likely  to  occur  unless 
the  former  have  been  weakened  by  overgrazing.^"*^  Plants  prop- 
agating vegetatively  have  an  advantage  in  invading  bare  areas 
because  the  shoots  during  establishment  secure  water  and  nutri- 
ents, and  possibly  also  synthesized  substances,  from  the  parent 
plants. 

Competition  and  adaptation  have  played  important  roles  in  the 
survival  of  species  in  various  environments,  and  the  space  and 
time  in  which  a  species  grows  are  often  decisive.  Shallow-rooted 
plants,  by  rapid  growth  when  soil  moisture  is  adequate,  can 
escape  competition  with  deep-rooted,  slow-growing  plants.  A 
number  of  single-stalked  grasses,  forbs,  mosses,  and  lichens  can 
grow  in  the  large  spaces  between  bunchgrasses  but  cannot  endure 
the  competition  in  the  small  spaces  between  densely  growing 
rhizome  grasses.  Plants  of  many  species  often  grow  together  at 
the  same  time  in  habitats  where  the  environmental  resources  are 
ample,  but  when  the  resources  are  limited  in  quantity  or  dura- 
tion, rigorous  natural  selection  of  adapted  biotypes  has  occurred. 
In  desert  areas  of  the  southwestern  United  States  species  of  an- 
nual life-form  are  numerous,  partly  because  competition  has  been 
reduced  by  growing  in  different  seasons,  e.g.,  Streptanthus  anzonicus 
completes  its  Hfe-cycle  in  the  cool,  late  winter  while  Amaranthus 
palmeri  thrives  in  the  warmth  of  August  and  September.''^ 

Competition  between  species  and  strains  of  forage  plants  may 
be  severe  for  soil  moisture,  nutrients,  and  light.  For  example,  in 
an  experiment  in  Iowa  the  relative  capacity  of  two  strains  and 
four  species  of  legumes  was  determined  by  growing  them  in  asso- 
ciation at  the  same  time,  with  the  result  that  Madrid  sweet  clover 
rated  first,  followed  in  order  by  African  alfalfa.  Ranger  alfalfa, 
Kenland  red  clover,  and  Ladino  white  clover.  The  ranking  was 
the  same  as  for  relative  yields  when  grown  singly,  so  apparently 
a  close  relationship  exists  between  competitive  and  yielding 
capacities  in  this  case^^^  (Figure  1-14).  The  competitive  ability 
of  one  strain  or  species  as  compared  to  that  of  another  may  be 
controlled  to  some  extent  by  measures  such  as  the  application  of 
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Figure  1-14.  Competition  may  be  reduced  by  the  associa- 
tion of  unlike  species  as  in  this  artificial  community  of 
smooth  bromegrass  {Bromus  inermis)  and  alfalfa  {Medicago 
sativa).  Competitive  capacity  of  plants  is  influenced  by  the 
intensity  of  grazing  and  trampling.  July,  Lake  Geneva, 
Wisconsin.  (U.S.D.A.  Soil  Conservation  Service.) 

fertilizer  (kind,  time,  amount)  and  the  intensity  and  time  of 
mowing  or  grazing.  In  Pennsylvania  the  late  removal  of  the  first 
crop,  nitrogen  fertilization,  and  higher  levels  of  mowing  increased 
the  growth  of  smooth  bromegrass  and  orchardgrass  but  decreased 
that  of  Ladino  clover.'^' 

Moderate  grazing  by  sheep  for  several  seasons  eliminates  many 
weedy  forbs  and  as  a  result  the  less  preferred  grasses  grow  better; 
on  the  other  hand,  heavy  grazing  by  cattle  gives  some  weeds 
better  opportunity  to  grow.  In  a  careful  study  of  the  Wasatch 
Plateau  in  Utah,  Ellison'^  has  shown  that  the  kinds  of  species  in 
stands  heavily  grazed  by  sheep  are  markedly  different  from  com- 
parable stands  that  are  either  not  grazed  or  are  grazed  by  cattle. 
Competition  between  legumes  and  grasses  in  the  seedling  stage 
may  be  avoided  by  planting  them  in  alternate  drill  rows,  and  this 
offsets  the  tendency  for  grasses  to  dominate  when  sowing  is  done 
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Figure  1-15.  Association  of  smooth  bromegrass  and  alfalfa 
apparently  benefits  both.  Density,  cover,  and  vigor  are  ex- 
cellent here.  Nebraska.  (U.S.D.A.  Soil  Conservation  Service.) 


in  cool,  wet  w^eather  and  for  legumes  to  dominate  when  warm,  dry 
conditions  occur. 

DiflFerences  of  Species  in  Capacity  of  Association 

This  is  often  called  interspecific  association,  and  refers  to 
species,  mostly  in  different  genera,  living  together  in  an  area  and 
drawing  upon  a  common  pool  of  resources.  Similarity  in  require- 
ments and  ecological  amplitude  is  often  essential,  especially  in 
habitats  characterized  by  limiting  factors  such  as  soil  salinity  or 
the  shortness  of  the  growing  season.  In  Spitzbergen  some  species 
such  as  Saxifraga  oppositifolia,  Cerastium  arcticum,  Salix  polaris,  Draba 
subcapitata,  Papaver  dahlianum,  Phippsia  algida,  and  Poa  alpina  vivi- 
para  meet  one  of  the  first  requirements  for  association  because  they 

can  endure  the  short  growing  season  at  600  to  800  m  above  sea- 
level,  i '4 

Species  of  different  life-form  are  often  associated  because  they 
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use  the  environmental  resources  at  different  times  or  in  different 
spaces.  Association  results  at  times  because  some  species  require 
the  shade  cast  by  taller  plants  or  the  protection  from  grazing 
afforded  by  cacti  or  thorny  shrubs.  Nutritional  advantages  may 
occur,  as  in  grasses  and  legumes  growing  together;  for  example, 
both  bromegrass  and  alfalfa,  or  Ladino  clover,  benefit  when 
planted  for  hay  or  pasture,  as  is  commonly  done  in  the  Corn  Belt 
(see  Figures  1-14  and  1-15).  Bromegrass  produces  more  stems, 
more  growth  after  cutting,  and  more  seeds  because  of  the  nitrogen 
supplied  by  the  legume,  while  the  protein  content  of  the  alfalfa 
is  greater  than  when  it  is  grown  alone,  probably  because  of  de- 
creased loss  of  leaves.  Birdsfoot  trefoil  when  grown  with  grasses 
shows  less  lodging  and  increased  yields  of  seed,  but  tall  orchard- 
grass  and  timothy  tend  to  delay  its  maturity.  When  grown  with 
Kentucky  bluegrass,  trefoil's  ripening  was  the  same  as  when 
grown  alone.  After  the  first  harvest  year,  mixtures  produced 
slightly  higher  yields  than  the  trefoil  in  single  culture.*'  In  a 
seeded  Festuca-Agrostis  grassland  reverting  to  original  sward, 
Lolium  perenne  and  Trifolium  repens  were  positively  associated,  but 
lack  of  association  existed  between  Agrostis  tenuis  and  these  two 


Figure  1-16.  Successful  association  of  longleaf  pine  {Pinus 
palustris)  and  carpetgrass  {Axanopus  compressus)  is  shown 
in  two  well-defined  layers  in  the  summer  aspect.  August, 
Tifton,  Georgia.  (U.  S.  Forest  Service.) 
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species  and  with  Dactylis  glomerata,  as  well  as  between  Dactylis  and 
both  Lolium  and  Tnfolium.  The  positive  correlation  may  have 
been  caused  by  a  higher  nitrogen  requirement  of  Lolium  which 
was  supplied  by  Tnfolium.  This  correlation  tended  to  disappear 
as  the  community  became  increasingly  integrated,  ^^b 

Two  or  more  species  may  be  independently  associated,  i.e.,  the 
various  species  are  able  to  grow  in  the  environment  created  by 
the  whole  community  rather  than  because  of  direct  interrelations 
between  species;  for  example,  in  Norway  Linum  catharticum  and 
Briza  media  grow  in  calcareous  soils,  one  seldom  occurring  with- 
out the  other^^  (Figure  1-16).  Positive  correlation  in  the  distribu- 
tion of  species  in  an  area  may  indicate  that  certain  habitats  are 
more  suitable  for  some  species  than  for  others,  or  that  one  kind 
makes  conditions  favorable  for  the  occurrence  of  others.  Many 
terms  used  in  plant  sociology,  such  as  "association"  itself,  reflect 
the  importance  of  the  subject  of  interspecific  association.  Certain 
groupings  in  Australia  such  as  Dodonaea  and  Vittadinia  communi- 
ties on  ridges  and  Bassia  and  Cassia  in  the  valleys,  are  related  to 
topographic  conditions.  Other  pairs  of  species  showing  strong 
association  are  Bassia  uniflora-^gophyllum  apiculatum,  and  Cassia 
eremophila-  Westringia  rigida.^^ 

Association  may  favor  the  establishment  of  groupings  under 
difficult  conditions  as,  for  example,  near  the  central  California 
coast,  where  trees,  by  the  condensation  of  atmospheric  moisture, 
provide  suitable  conditions  for  the  growth  of  certain  orchids  and 
seedlings  of  Douglas  fir,  Monterey  cypress,  and  Eucalyptus.^^^ 
In  arctic  and  alpine  regions  some  species  become  established  in 
the  cushions  oi  Silene  acaulis  and  Arenaria  obtusiloba.  However,  the 
advantages  of  association  are  often  not  well  understood,  as  in  the 
frequent  association  oi Diapensia  lapponica  and  Vaccimum  uliginosum 
in  Greenland, ^*^  or  Cassiope  tetragona  and  V.  uliginosum  in  north- 
western Alaska.  ^'^^ 

The  causes  and  processes  involved  in  interspecific  association 
are  exceedingly  complex.  Results  secured  in  the  study  of  animal 
populations  may  be  helpful;  for  example,  instances  of  both 
facilitation  and  interference  have  been  found  among  22  strains 
of  Drosophila  melanogaster  when  they  were  living  together  as  com- 
pared to  strains  living  separately,  so  it  appears  that  the  viability 
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of  one  strain  is  a  function  of  others  coexisting  with  it.^^^  However, 
in  plants  the  influence  is  usually  less  direct  than  in  animals. 
Trees,  for  example,  may  influence  the  ground  vegetation  by 
absorbing  nutrients  deep  in  the  soil  and  depositing  them  by  leaf 
fall  on  the  surface.  The  effect  may  be  specific,  as  shown  by  the 
luxuriant  growth  of  nettle  under  alder  in  Great  Britain,  while 
under  pines  bracken  communities  develop,  and  under  larch  the 
bramble  is  dominant. '^^ 

Excretions  and  products  of  decomposition,  by  preventing  the 
growth  of  some  species  and  favoring  that  of  others,  may  influence 
the  formation  or  maintenance  of  certain  plant  groupings.  Sub- 
stances such  as  biotin,  thiamine,  vitamin  B12,  histidine,  and 
uracil  may  be  stimulative  or  even  essential  for  some  species.  In- 
hibitory substances  include  penicillin  produced  by  Pemcillium 
notatum,  glytoxin  by  the  soil  fungus  Glocladium,  absinthin  by 
Artemisia  absinthium,  3-acetyl-6-methoxy-benzaldehyde  by  the 
desert  plant  Encelia  farinosa,  juglone  by  Juglans  nigra,  and  cin- 
namic  acid  by  Parthenium  argentatumJ^-^^  Species  of  sunflower 
differ  in  their  sensitivity  to  toxins  given  oflTby  grasses,  which  affect 
the  association  of  these  species  according  to  the  kinds  and  con- 
centrations of  the  toxins  and  the  tolerances  of  various  kinds  of  sun- 
flowers.^ It  appears  also  that  alkaloids,  leached  from  leaves  or 
roots,  may  have  important  ecological  influences. '^^ 

Although  many  details  regarding  interactions  are  not  well 
understood,  it  is  clear  that  the  requirements  of  species  or  ecotypes 
and  their  ecological  amplitudes  play  essential  roles  in  independ- 
ent association  and  in  positive  and  negative  correlation  in  the  dis- 
tribution of  species. 

Differences  of  Species  in  Reproductive  Processes 

The  adaptability  of  plants  for  pollination;  the  production,  dis- 
persal, and  germination  of  seeds;  and  vegetative  propagation  are 
considered  in  this  section.  Wind-pollinated  plants  depend  for 
success  upon  the  production  of  large  quantities  of  pollen,  while 
insect-pollinated  ones  depend  upon  special  structures,  colors,  or 
fragrance.  Important  factors  in  pollination  include  the  quantity 
and  viability  of  pollen  produced,  distance  the  pollen  is  carried, 
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length  of  time  during  which  production  and  dispersal  occurs,  and 
the  distance  between  individuals  in  a  population.  In  Nebraska, 
for  example,  smooth  bromegrass  produces  more  pollen  than 
crested  and  intermediate  wheatgrasses  and  switchgrass,  and  most 
of  the  pollen  is  dispersed  within  5  to  15  rods.  The  average  period 
of  dispersal  per  inflorescence  varies  from  8  days  in  crested  wheat- 
grass  to  12  days  in  switchgrass.' '^  In  eastern  Colorado,  Russian 
wildrye  {Elymus  junceus)  sheds  pollen  mostly  between  4  and  5  P.  M. 
throughout  a  9-day  period  at  the  end  of  May  and  early  June.  The 
shedding  is  very  sensitive  to  temperature,  which  varies  consider- 
ably at  this  time,  and  this  may  explain  in  part  why  the  seed 
production  is  erratic  in  this  region.  ^""^  Apparently  grasses  are 
usually  pollinated  by  nearby  plants,  for  example,  orchardgrass 
averaged  62.4  seeds  per  panicle  when  the  pollinating  plants  were 
within  1.5  yd  of  one  another,  but  only  27.2  seeds  per  panicle  at 
greater  distances  up  to  1 1.5  yd.^^ 

Although  strong  winds  and  air  currents  carry  many  kinds  of 
pollen  to  great  heights  and  distances,^!^  it  is  questionable  how 
much  pollination  is  accomplished  in  this  way.  The  pollen  of  pines 
appears  to  be  dispersed  as  much  as  100  miles,  but  the  amount  is 
limited;  of  cotton,  up  to  4200  ft;  and  of  corn,  occasionally  to  400  ft. 
The  great  frequency  of  natural  hybrids  in  grasses  is  brought 
about  by  the  association  of  many  individuals  of  different  species, 
the  large  production  of  wind-borne  pollen,  and  the  similarity  in 
reproductive  organs  of  different  species. '^^  Separation  of  wind- 
pollinated  plants  such  as  pines  and  oaks  by  a  few  miles  may  not 
prevent  cross-pollination,  but  in  insect-pollinated  trees  a  few 
hundred  yards  may  be  very  effective. '"^^  Insect-pollination  from 
a  distance,  however,  may  not  be  entirely  prevented,  because 
numerous  insects  of  various  species  are  in  the  air  on  warm  days 
to  heights  of  several  thousand  feet.^'^  Plants  and  animals  possess 
many  adaptations  that  facilitate  cross-pollination  or  prevent  self- 
pollination. 

Dispersal  of  seeds  and  spores  is  accomplished  in  many  well- 
known  ways  but  concrete  data  on  distances  they  are  carried  are 
scarce.  Most  seeds  seem  rarely  to  be  dispersed  beyond  300  ft,  the 
greatest  distance  winged  seeds  and  fruits  are  carried  is  about 
880  yd,  but  dust  seeds  and  plumed  fruits  may  be  carried  as  much 
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Figure  1-17.  Rapid  growth  with  only  slight 
competition  of  seedlings  produced  this  stand 
of  annual  meadow  barley  (Hordeum  brachy- 
antherum)  in  a  moist  gully  bottom,  but  run- 
off from  a  high-intensity  storm  could  wash 
all  the  plants  away.  Utah.  (U.  S.  Forest 
Service.) 
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as  700  miles.' ^2  Only  one  example  will  be  cited:  the  rough,  reticu- 
late coats  of  the  minute  seeds  of  tobacco  {Nicotiana  spp.)  appear  to 
be  an  outstanding  adaptation  to  the  invasion  of  disturbed  sites, 
which  are  the  most  common  habitats  of  many  species  in  this 
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genus 

Barriers  such  as  mountain  ranges  or  adverse  climatic  conditions 
are  important  in  forming  limits  to  the  distribution  of  species,  and 
therefore  some  plants  are  not  found  in  habitats  that  would  be  suit- 
able, but  succeed  when  introduced  artificially,  e.g.,  European 
weeds  introduced  into  the  United  States,  and  vice  versa.  The 
dispersal  capacity  of  a  species  may  be  overrated,  for  there  is  no 
real  evidence  that  plants  possessing  specialized  mechanisms  are 
more  widely  distributed  than  those  without  them.^^  In  a  limited 
area  without  important  barriers,  however,  dispersal  tends  to 
maintain  the  several  stands  of  a  community-type  uniform  in 
composition.  Because  of  the  effectiveness  of  dispersal  of  all  sorts 
of  propagules,  unoccupied  habitats  suitable  for  a  given  species 
will  soon  be  reached  by  individuals  of  that  species,  with  the  re- 
sult that  similar  habitats  in  a  restricted  area  will  be  occupied  by 
similar  groupings  of  plants  and  animals. ^° 
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Plants  with  seeds  varying  in  period  of  dormancy  have  advan- 
tages in  surviving  unfavorable  conditions.  Retention  of  viability 
for  several  years  appears  advantageous  to  plants  such  as  Minuar- 
tia  stricta  which  have  little  competitive  capacity,!^^  to  many 
legumes,  and  others.  Some  seeds  of  annuals  lie  dormant  in  the 
soil  in  grasslands  for  a  number  of  years  before  bare  areas  appear. 
Seedlings  in  such  spots  are  likely  to  survive  but  those  that  ap- 
pear among  other  plants  usually  die.  Annual  species  are  often 
dependent  for  dispersal  and  survival  upon  large  supplies  of  seeds 
and  high  rates  of  germination;  and  low  production  may  restrict 
the  distribution  of  a  species,  as  in  northwestern  Montana  where 
one  of  the  factors  in  maintaining  a  stable  ecotone  of  aspen 
woodland  and  grassland  has  been  stated  to  be  the  poor  seed 
crops  of  the  former,  caused  probably  by  unfavorable  climatic 
conditions.  138  The  restricted  distribution  in  the  Sahara  and  Negev 
of  the  shrub  Calligonum  comosum  to  coarse  sandy  soils  where  the 
rainfall  is  low,  is  probably  because  this  substratum  provides  con- 
ditions needed  for  germination,  as  it  is  known  that  the  seeds  fail 
to  germinate  in  the  light,  at  high  temperatures,  or  even  in  close 
contact  with  water. ^^s 


Figure  1-18.  Aster  foliaceous  is  capable  of  invading  eroded 
depressions  by  means  of  rhizomes,  but  seedlings  would  have 
difficulty.  A  few  plants  of  Geranium,  Eriogonum,  Achillea, 
and  Vicia  are  intermixed  here.  Steel  tape  shows  former  soil 
level.  August,  10,000  ft,  Utah.  (U.  S.  Forest  Service.) 


A  number  of  species  have  pronounced  capacity  to  form  new 
stands  following  fire  or  other  disturbance  (Figures  1-17  and  1-18); 
for  example,  seeds  may  be  protected  within  cones  as  in  the 
lodgepole  pine  (Pinus  contorta  ssp.  murrayana),  or  they  may  have 
great  mobility  as  in  the  fireweed  {Epilobium  angustifolium).  The 
crowns  or  rhizomes  may  survive  fire  and  produce  new  shoots,  e.g., 
Populus  tremuloides,  Salix  pulchra,  many  grasses,  and  some  plants  of 
Purshia  tridentata.  The  mobility  and  high  viability  of  many  seeds 
enable  some  species  to  form  pioneer  communities  such  as  Populus 
sargentii,  Salix  nigra,  and  S.  interior  on  sandbars,  Russian  thistle 
{Salsola  kali)  and  other  weeds  in  abandoned  fields,  Betula  populi- 
folia  in  devastated  forests,  and  Rubus  occidentalis  in  burned-over 
forests  (Figures  1-17  and  1-18). 

Birds  are  important  in  dispersing  seeds.  Certain  cereals  and 
weeds  grow  on  the  feeding  grounds  of  gulls, ^"^  and  in  Norway  the 
tits  {Farus  spp.,  Sitta  europaea)  contribute  to  the  dispersal  of 
Galeopsis  tetrahit,  G.  bifida,  and  Juniperus  communis  by  gathering 
and  storing  seeds. ^^  The  rarity  of  Mercurialis  perennis  in  Ireland, 
in  spite  of  having  been  widely  introduced,  is  evidently  the  result 
of  the  absence  or  extreme  infrequency  of  any  agent  of  dispersal. 
This  species  does  not  lack  genetic  variability  nor  is  there  lack  of 
suitable  habitats.  In  Britain,  where  certain  kinds  of  mice  and 
ants  occur  which  may  be  the  agents  of  transport,  the  plant  is  ag- 
gressive and  common.'" 

Under  severe  conditions  where  production  of  seed  is  hazardous, 
vivipary  and  other  forms  of  apomixis  may  be  advantageous. 
Vivipary,  or  the  formation  of  vegetative  buds  in  place  of  florets, 
is  frequent  in  the  grass  family,  for  example,  in  Poa  bulbosa  and 
Festuca  vivipara.  Apomixis  and  self-pollination  may  result  in  the 
formation  and  perpetuation  of  single  biotypes,  so  that  the  popu- 
lation has  a  high  degree  of  genetic  homogeneity,  well  adapted  to 
a  particular  habitat,  but  even  in  such  a  population  differences 
in  microhabitat  conditions  and  competition  will  induce  pheno- 
typic  variations  among  the  individuals. 

If  the  biotype  possesses  a  high  degree  of  adaptability  it  can  live 
in  a  variety  of  microhabitats  and  survive  unfavorable  conditions 
better  than  if  it  possesses  less.  The  greater  the  number  of  biotypes 
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Figure  1-19.  Vigorous  propagation  of  black  gramagrass 
{Bouteloua  eriapoda),  by  stolons  is  characteristic  of  this  im- 
portant range  grass  in  southern  New  Mexico.  (U.  S.  Forest 
Service.) 


in  a  population,  the  greater  will  be  the  genetic  diversity  and 
adaptability  of  the  population,  and  hence  the  survival  under  un- 
favorable conditions.  This  greater  adaptability  in  growth-form, 
earliness  of  growth  and  maturity,  size  of  seed,  and  resistance  to 
disease  are  important  in  determining  the  extent  of  the  geographic 
distribution  of  a  species;  the  decumbent,  rhizomatous  growth- 
form  o{  Panicum  virgatum,  for  example,  is  more  common  in  sandy 
soils  in  northern  and  western  Nebraska,  while  the  erect,  bunch 
type  is  more  common  in  southeastern  Nebraska.  ^-^ 

The  Mendelian  population,  consisting  of  cross-pollinating  in- 
dividuals, is  a  more  plastic  system  of  adaptability  than  an  asexual 
array  of  organisms.  Species  equipped  with  both  sexual  and 
asexual  kinds  of  reproduction  have  distinct  advantages  over 
those  that  have  only  one,  because  the  former  are  able  to  main- 
tain the  same  genotype  almost  indefinitely  in  propagating  bio- 
types,  and  at  the  same  time  they  benefit  from  the  formation  of 
new  genotypes  in  sexual  reproduction  (Figure  1-19).  A  striking 
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example  of  this  is  found  in  the  genus  Rubus,  in  which  a  compli- 
cated polymorphism  and  great  adaptability  have  led  to  wide- 
spread distribution  in  Australia  and  other  countries.  ^°^  Vegeta- 
tive propagation  is  of  great  value  to  many  species  not  only  in 
maintaining  the  population  under  conditions  adverse  for  seed  pro- 
duction, but  also  in  enabling  it  to  invade  adjacent  areas. 

Limitation  of  pollination  and  dispersal  in  a  small  area  may  pro- 
mote the  formation  of  new  ecotypes.  This  appears  to  follow  from 
the  conclusion  of  Ford  ^°  that  when  a  population  is  subdivided 
into  small  isolated,  or  partly  isolated,  units  rapid  evolution  is 
favored  because  each  group  can  then  become  adjusted  to  the 
particular  habitat  conditions  instead  of  to  the  average  conditions 
over  a  large  area.  Similar  conditions  obtain  in  marginal  popula- 
tions within  the  area  of  distribution  of  a  species,  for  such  popu- 
lations may  possess  less  heterozygosis  than  those  in  the  central 
part  of  the  range  of  distribution.  ^°  A  high  degree  of  heterozygosis 
often  gives  the  population  greater  plasticity,  and  in  many  cases 
leads  to  greater  capacity  to  cope  with  variations  in  the  environ- 
ment. ^'^^ 

The  number  of  individuals  in  a  population,  accompanied  by 
heightened  variability,  increases  during  favorable  environmental 
periods.  This  greater  intensity  of  variability  permits  genes  to  be 
combined  in  new  ways,  and  some  of  the  resulting  combinations 
may  give  increased  adaptability  during  less  favorable  environ- 
mental periods  or  in  relationships  with  other  organisms.  Disturb- 
ance of  natural  conditions  by  man,  or  the  formation  of  new 
habitats  by  natural  causes  such  as  erosion,  recession  of  glaciers, 
or  emergence  from  water,  may  provide  suitable  habitats  for  hy- 
brid populations.  As  suggested  by  Anderson,^  the  habitat  needs 
"hybridizing"  before  hybrids  can  survive,  e.g.,  irises  or  oaks,^°^ 
for  in  the  undisturbed  habitat  they  are  unable  to  compete  with 
individuals  of  the  parent  genotypes.  Populations  of  different 
species  may  be  sufficiently  close  to  one  another  geographically 
(sympatric)  so  that  ecologically  successful  hybrids  are  formed, 
followed  by  introgressive  hybridization,  as  in  the  case  of  Quercus 
velutina,  for  example,  which  has  been  enriched  by  characters  from 
Q.  borealis  in  the  Great  Smoky  Mountains.^°^  In  the  Canary 
Islands  Pinus  canariensis  forest  forms  an  ecological  pathway  con- 
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necting  the  subalpine  scrub  with  the  laurel  forest  below,  so  that 
populations  oi  Adenocarpus  spp.  come  into  contact  with  one  an- 
other and  hybridize  successfully.  The  populations  are  highly 
variable,  especially  in  the  lower  pine  forest,  and  hybrids  are  able 
to  survive  on  burned-over  areas.  These  hybrids  are  often  asso- 
ciated with  Cistus  monspeliensis,  a  good  fire  indicator.'^'*  The 
crossing  of  two  formerly  geographically  separated  species  (allo- 
patric)  may  result  in  a  highly  competitive  hybrid  where  a  suitable 
habitat  occurs;  for  example,  the  fertile  Spartina  townsendii  (2n  = 
126),  in  Southampton  Water,  England,  is  a  hybrid  of  5.  maritima 
(2n  =  56)  and  the  North  American  S.  alterniflora  {2n  =  70).^°^ 
In  this  way  hybridization  and  introgression  may  cause  the  sub- 
mergence of  small  isolated  populations. 

Differences  of  Species  in  Resistance  to  Grazing, 
Mowing,  or  Other  Treatment 

This  fourth  group  of  disjunctive  interrelationships  between 
plants  and  other  organisms  includes  the  feeding  on  many  plants 
by  many  kinds  of  animals,  from  nematodes  and  slugs  to  cattle, 
trampling  by  larger  animals,  and  clipping  or  mowing  by  various 
animals  and  man.  Because  of  the  long  period  of  adaptation  of 
grassland  species  in  the  Great  Plains  to  both  adverse  physical  con- 
ditions and  grazing,  the  resulting  grassland  types  are  some  of  the 
most  durable  of  any  found  today.  Stands  comprising  such  species 
as  Agropyron  smithii,  Stipa  comata,  Bouteloua  gracilis,  and  Carexjilifolia 
are  capable  of  enduring  prolonged  drought,  severe  infestations 
of  grasshoppers,  and  much  overgrazing.  In  the  arctic  tundra 
perennial  herbs  possess  great  capacity  to  recover  from  grazing 
throughout  the  year  by  lemming,  even  though  the  growing  season 
of  the  plants  lasts  only  seven  to  ten  weeks.  ^^^ 

Grasses,  especially  those  with  rhizomes  or  runners,  withstand 
grazing,  trampling,  or  mowing  better  than  forbs.  The  latter,  hav- 
ing growing  points  above  the  surface  of  the  ground,  are  usually 
more  susceptible  to  damage  from  these  causes  as  well  as  from 
desiccation  and  freezing  than  the  former,  with  less  exposed  grow- 
ing points.  Excessive  plant  growth  in  some  species  such  as  peren- 
nial ryegrass,  unless  it  is  moderately  grazed  or  mowed,  may  result 
in  elevated  crowns,  inhibition  of  tillering,  and  greater  suscept- 
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Figure  1-20.  An  ungrazed 
stand  of  Idaho  fescue  (Fes- 
tuca  idahoensis),  a  bunch- 
grass  highly  relished  by  cat- 
tle. (Cf.  Figure  1-21.)  Note 
sharp  transitions  between 
vegetation  types.  Northeast- 
ern CaHfornia.  (U.  S.  Forest 
Service.) 
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ibility  to  frost  damage.  The  various  biotypes  and  ecotypes  within 
a  grass  species  usually  vary  considerably  even  in  the  same 
region,  so  strains  desired  for  grazing  or  for  mowing  can  usually 
be  readily  developed  in  breeding  programs. 

Each  kind  of  animal  has  preferences  for  certain  kinds  of  plants 
(Figures  1-20  and  1-21).  Some  feed  on  a  variety  of  species,  others 
on  only  a  few,  or  on  only  one.  Sheep  as  a  rule  choose  broad-leaved 
herbs  (forbs)  and  the  tender  parts  of  grasses,  cattle  and  horses 
usually  prefer  grasses,  and  deer  and  moose  browse  on  many  kinds 
of  shrubs  and  trees.  These  preferences  are  caused  partly  by  the 
requirements  and  habits  of  the  animals  and  partly  by  the  palat- 
ability  or  desirability  of  the  plants.  Differences  in  palatability 
occur  between  strains  of  grasses  as  well  as  between  species,  and 
are  caused  by  variations  in  succulence,  food  content  (sugar,  pro- 
tein, starch,  fat,  vitamin  A),  fiber  and  ash  contents,  presence  of 
volatile  oils,  disease  incidence,  and  stage  of  maturity.  Relative 
proportion  of  species  in  the  stand,  familiarity  of  the  animal  with 


Figure  1-21.  Cattle  have 
selected  Idaho  fescue,  re- 
sulting in  the  death  of  many 
bunches,  thus  giving  oppor- 
tunity for  the  invasion  of 
less  palatable  species.  (Cf. 
Figure  1-20.)  Northeastern 
California.  (U.  S.  Forest 
Service.) 
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Figure  1-22.  Protected  from 
grazing,  mountain  brome- 
grass  is  maintaining  itself  in 
competition  with  coneflower 
{Rudbeckia  occidentalis). 
Note  clumping  of  vigorous 
aspens.  (Cf.  Fig.  1-22A.) 
Aug.,  Manti-La  Sal  Natl. 
Forest,  Utah.  (U.  S.  Forest 
Service.) 


the  plant,  degree  of  hunger  or  desire  of  the  animal  for  a  partic- 
ular kind  of  plant,  and  the  availability  of  the  plant  are  also  in- 
fluencing factors. 

Under  close  grazing  a  cow  or  sheep  may  graze  poisonous  plants 
which  remain  untouched  under  moderate  grazing.  A  very  palat- 
able species  may  be  eliminated  from  a  stand  because  of  severe 
grazing  and  may  not  be  able  to  re-establish  itself,  thus  less  palat- 
able plants  are  given  opportunity  to  invade;  for  example,  the  re- 
placement of  grasses  by  annual  weeds  in  prairie  dog  towns, 
and  by  buffalograss  in  the  northern  Great  Plains  and  mes- 
quite  in  the  semidesert  grassland  in  the  Southwest.  Heavy  graz- 
ing has  favored  the  spread  of  poisonous  plants  on  wide  areas  of 
western  range  lands  (Figures  1-22  and  1-22  A).  Overgrazing  may 
reduce  competition  to  such  an  extent  that  species  near  the  limits 
of  their  geographic  ranges  can  become  dominant,  as  where 
buffalograss  replaces  taller  grasses  in  the  northern  Great  Plains. 

Intensive  grazing  not  only  reduces  the  competitive  capacity  of 


Figure  1-22A.  Under  graz- 
ing, Rudbeckia  occidentalis 
has  almost  replaced  the 
palatable  mountain  brome- 
grass.  Spruce  trees  invading 
aspen  grove  in  background. 
(Cf.  Fig.  1-22.)  Aug.,  Manti- 
La  Sal  Natl.  Forest,  Utah. 
(U.  S.  Forest  Service.) 


preferred  species  and  the  interspecific  association  of  many  species, 
but  may  also  damage  some  of  the  most  favorable  habitats.  Ex- 
cessive trampHng  of  nonsandy  soils  causes  packing,  and  reduces 
the  accumulation  of  mulch  and  organic  matter  and  the  infiltra- 
tion of  water.  Droppings  and  liquid  manure  may  also  modify  the 
soil  and,  where  they  are  excessive,  permit  invasion  of  certain 
weeds.  Reduction  in  height  and  density  of  the  vegetation  increases 
soil  temperature  and  evaporation  rate,  so  that  the  changed 
habitat  conditions  may  no  longer  be  within  the  ranges  of  ecolog- 
ical amplitudes  of  preferred  species.  Severe  overgrazing  in  the 
Wasatch  Plateau  in  Utah  has  resulted  in  eroded  habitats  and  dis- 
placement of  herbs  and  shrubs  by  an  open  stand  of  species  such 
as  Festuca  ovina,  Poa  spp.,  and  Sedum  stenopetalum,  capable  of  grow- 
ing on  erosion  pavement.'^  It  appears,  therefore,  that  plants 
have  a  high  degree  of  specificity  for  various  durations  and  inten- 
sities of  overgrazing.  This  specificity  is  also  present  in  various 
stages  of  succession  on  abandoned  farmlands.  In  Idaho,  for  ex- 
ample, populations  of  Russian  thistle,  mustards,  and  downy 
bromegrass  have  optimal  time  and  space  requirements  for  their 
appearance.  ^^2 

Preferred  species  that  grow  sparsely  are  most  susceptible  to 
elimination  by  overgrazing,  for  they  are  closely  grazed  while  less 
palatable  and  more  abundant  kinds  remain  untouched.  In  the 
Front  Range  in  central  Colorado,  bunches  of  grasses  such  as 
Muhlenbergia  montana  under  close  grazing  tend  to  break  into  small 
parts,  becoming  sod-like,  while  other  grasses  such  as  Festuca 
arizonica  are  more  resistant  to  disintegration.  However,  in  both, 
plant  vigor  is  reduced  and  Bouteloua  gracilis  replaces  them,  while 
forage  yields  decrease."^  Heavy  grazing  may  also  cause  clumps 
of  the  last-mentioned  grass  to  separate  into  smaller,  closer-spaced 
tufts,  and  bunches  of  Stipa  comata  to  become  smaller  and  more 
decumbent,  with  fewer  stems  and  finer,  shorter  leaves.  The 
capacity  of  grasses  to  endure  grazing  is  related  to  characteristics 
such  as  a  decumbent  growth-form,  rhizome  production,  large 
food  reserves,  rapid  growth  renewal  and  production  of  new  shoots, 
long  season  of  vegetative  growth,  location  of  growth-renewal 
tissue  below  the  lowest  level  of  grazing,  and  resistance  to  un- 
favorable environmental  conditions,  especially  drought. 
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Selection  plays  an  important  role  in  the  development  of  eco- 
types  suited  to  different  conditions.  For  example,  stands  of 
perennial  ryegrass,  Kentucky  bluegrass,  and  orchardgrass,  have 
been  grown  for  many  years,  especially  in  England,  under  various 
treatments  such  as  grazed  or  ungrazed,  mowed  or  unmowed,  and, 
in  addition,  in  moist  or  dry  soils  with  high  or  low  fertility.  Grazed 
pastures  have  produced  ecotypes  that  are  earlier  in  maturity  and 
more  decumbent  than  meadows,  with  the  result  that  the  latter 
tend  to  disappear  when  subjected  to  grazing,  while  pasture  types 
disappear  under  mowing.  In  this  process  of  becoming  adapted  to 
specific  habitats  the  ecological  amplitude  of  the  population  be- 
comes narrower,  at  least  for  some  conditions. 

Alteration  of  the  habitat  may  thus  bring  about  the  survival  of 
certain  biotypes  and  in  time  the  formation  of  ecotypes,  and  the 
loss  of  other  biotypes.  Man  can,  by  various  management  opera- 
tions such  as  controlling  the  intensity  and  time  of  grazing  or 
mowing,  application  of  fertilizers,  or  the  soil-water  content  by 
irrigation  or  drainage,  exercise  considerable  influence  on  the 
evolutionary  process.  These  manipulations  change  the  environ- 
mental conditions  so  that  the  requirements  of  some  species  or  eco- 
types are  secured  more  readily,  and  consequently  they  become 
more  vigorous  and  stronger  competitors,  while  other  ecotypes 
may  not  be  able  to  grow  at  all  because  their  ranges  of  ecological 
amplitude  have  been  surpassed.  The  management  of  one  or  more 
environmental  conditions  may  be  of  greater  importance  in  cer- 
tain places  than  the  course  of  nature  in  determining  the  success 
or  failure  of  species,  particularly  in  the  central  European  grass- 
lands.''^•'*'  Success  in  management  operations  depends  upon 
knowledge  of  the  requirements  and  ecological  amplitudes  of 
species  and  ecotypes. 

Grasses  have  considerable  capacity  to  survive  the  combined 
eff"ects  of  drought  and  grasshopper  infestations  which  occur  fre- 
quently in  the  Great  Plains  (Figure  1-23).  Most  species  of  grass- 
hoppers show  selectivity,  some  feeding  only  on  grasses,  some  only 
on  forbs  or  shrubs,  and  others  on  both  grasses  and  broad-leaved 
plants;  in  Montana,  for  example,  certain  species  feed  mainly  on 
Bouteloua  gracilis,  others  on  Agropyron  smithii  or  Stipa  comata.  The 
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Figure  1-23.  Grasses  in  the  Great  Plains  have  become 
adapted  to  endure  the  effects  of  prolonged  drought  and 
grasshopper  infestations.  Grass  stalks,  cut  off  by  grass- 
hoppers, have  been  washed  up  against  low  shrubs  by  recent 
rains.  August,  1936,  western  North  Dakota. 


height,  density,  growth-form,  and  succulence  of  plants  influence 
the  selectivity,  consequently  different  species  of  plants  are  affected 
according  to  the  kinds  and  abundance  of  grasshoppers  that  are 
present  in  an  area.  Agropyron  smithii  may  be  seriously  attacked  in 
some  years  and  places  while  other  species  are  much  less  affected. 
Weedy  grasses,  including  Schedonnardus  pamculatus,  Munroa  squar- 
rosa,  and  Bromus  tectorum,  are  attacked  by  fewer  kinds  than  the  im- 
portant forage  species  named  above.  ^°  The  requirements  of  grass- 
hoppers and  locusts  often  vary  according  to  the  stage  of  the  life- 
cycle,  as  has  been  shown  in  East  Africa,  where  the  requirements 
of  nymphs,  ffedglings,  young  adults,  and  egg-laying  adults  of  the 
red  locust  are  found  in  mesic  vegetation,  in  which  low  grass,  tall 
grass,  and  bare  soil  alternate — the  characteristic  mosaic  found  in 
all  outbreak  areas. ^ 

In  contrast  to  the  feeding  habits  of  many  grasshoppers,  weedy 
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Figure  1-24A.  Chestnut  trees  killed  or 
injured  by  the  blight  (Endothia  para- 
sitica). Photograph  taken  in  1928,  in 
Maryland.  (U.  S.  Forest  Service.) 


Figure  1-24.  A  grove  of  chestnut  (Cos- 
tanea  dentata)  in  Virginia  before  the 
blight  struck.  (U.  S.  Forest  Service.) 


Figure  1-24B.  A  mixed  stand  of  ash,  red 
oak,  and  red  hickory  replacing  dead 
chestnuts  killed  by  blight  in  1916.  Photo- 
graph taken  in  1940,  in  Maryland.  (U,  S. 
Forest  Service.) 
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species  of  plants  may  be  preferred  by  some  kinds  of  insects.  The 
beet  leafhopper,  which  transmits  curly  top  virus  disease  to  sugar 
beets  and  other  crops,  prefers  weeds,  particularly  Russian  thistle 
and  mustards  on  recently  abandoned  fields  and  overgrazed 
ranges  in  the  western  United  States.  Plants  in  the  later  stages  of 
succession,  such  as  Bromus  tectorum  and  the  perennials,  are  not  suit- 
able hosts.  Thus  the  destruction  of  the  first  weed  invaders  by 
this  insect  may  hasten  the  establishment  and  growth  of  the  more 
permanent  species.  ^^^ 

DiflFerences  of  Species  in  Susceptibility  to  Parasites 

Differences  between  species  may  be  caused  by  the  resistance 
capacity  of  the  host,  the  degree  of  virulence  and  abundance  of 
the  parasite,  and  by  environmental  conditions.  The  chestnut 
blight  is  an  outstanding  example  of  a  high  degree  of  virulence  of 
a  parasite  in  a  nonresistant  host,  resulting  in  the  virtual  elimina- 
tion of  the  chestnut  from  the  deciduous  forests  of  eastern  North 
America  (Figures  1-24,  1-24A,  1-24B). 

The  most  widespread  pathogens  in  grasses,  especially  rusts,  at- 
tack leaves.  Other  important  diseases  are  root  and  crown  rots, 
head  and  leaf  smuts,  ergots,  and  other  seed  disorders.^^  Variation 
between  strains  in  resistance  to  pathogens  is  one  of  the  criteria 
for  the  selection  of  plants  for  cultivation  and  breeding;  for  ex- 
ample, the  susceptibility  of  the  Merion  strain  of  Kentucky  blue- 
grass  to  stripe  smut  {Ustilago  striiformis)  is  much  greater  than  that 
of  other  varieties  and  selections. '^^  Common  insect  parasites  on 
grasses  are  the  spittlebug  in  humid  regions,  mites  in  the  Pacific 
Northwest,  and  thrips,  chinch  bugs,  grasshoppers,  and  white 
grubs  in  various  areas. ^^ 

Effects  of  parasites  include  the  reduction  of  vigor  and  conse- 
quent loss  of  competitive  capacity,  decreased  range  of  ecological 
amplitude,  loss  in  capacity  to  use  the  resources  of  the  environ- 
ment, and  decreased  yields  of  herbage  and  seed.  The  association 
of  species  and  management  practice  may  influence  the  degree  of 
parasitism;  for  example,  the  spread  of  crown  gall  was  less  rapid 
on  alfalfa  when  grown  in  association  with  smooth  bromegrass 
than  when  it  was  grown  alone. ^^  Blind  seed  disease  on  ryegrass 
in  Oregon  can  be  effectively  controlled  by  deep  and  early  plow- 
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Figure  1-25.  An  example  of  commensalism — rootless 
Spanish  moss  {Tillandsia  usneoides)  attached  to  an  old  live 
oak  {Quercus  virginiana).  Brackish  marsh  is  shown  in  the 
background.  Spanish  moss  has  a  wide  distribution,  from 
southern  Maryland  through  tropical  America  to  Argentina 
and  Chile.  February,  Louisiana.  (U.S.D.A.  Soil  Conserva- 
tion Service.) 


ing,  stubble  burning,  seed  inspection,  and  other  agronomic  meas- 
ures. ^°''  Dallisgrass,  an  important  forage  plant  in  Georgia,  dies 
when  it  is  not  mowed,  evidently  because  of  foliage  diseases;  but 
vaseygrass,  on  the  other  hand,  soon  dies  when  it  is  mowed  or 
grazed  too  closely. ^^ 

Several  examples  of  the  effects  of  parasites  on  the  grouping  of 
species  will  be  given.  The  wood-rotting  fungus  Fomes  ignarius, 
wood-boring  larvae  of  the  beetle  Saperda,  and  the  defoliating 
beetle  Phytodecta  americana  place  the  aspen  at  a  disadvantage  in 
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competing  with  grasses  at  the  ecotones  between  grassland  and 
aspen  groveland  in  northwestern  Montana.  ^^^  In  moist  years  in 
Kansas,  as  in  1940  to  1942,  the  prickly-pear  cactus  is  so  heavily 
infested  with  insects  that  it  may  disappear  from  some  communi- 
ties, while  in  dry  years  it  tends  to  increase. ^^^  And  in  Hawaii,  the 
introduced  Procedidochares  utilis,  a  tetritid  gall  fly,  has  eliminated 
the  weed  Eupatorium  adenophorum  from  some  large  areas,  but  has 
had  little  effect  in  other  places.  ^^  Xhe  selectivity  of  parasites,  as 
exemplified  by  this  gall  fly,  is  of  major  importance  in  the  bio- 
logical control  of  weeds. 

DifFerences  of  Species  in  Mutualistic  and  Commensal  Relations 

In  mutualistic  relations  both  of  the  associated  organisms  pre- 
sumably benefit.  Nitrogen-fixation  bacteria  are  most  commonly 
associated  with  legumes,  but  they  are  also  found  with  alders  and 
the  black  locust,  which  may  owe  their  special  capacity  to  invade 
bare  areas  to  these  bacteria  in  their  root  nodules,  thus  hastening 
plant  succession  by  supplying  needed  nitrogen.  In  commensal 
relations,  such  as  lichens  and  mosses  growing  on  the  bark  of  trees, 
one  of  the  plants  benefits  while  the  other  may  be  injured  very 
slightly,  or  not  at  all  (Figure  1-25). 

The  association  of  a  fungus  with  a  root  is  known  as  mycorrhiza. 
When  the  fungus  is  present  inside  the  cells  the  association  is  endo- 
trophic,  occurring  characteristically  in  the  Ericaceae  and  Orchid- 
aceae,  and  also  in  grasses  and  other  plants.  When  the  fungus  is 
growing  on  the  surface  of  the  root,  as  is  common  in  woody  plants 
such  as  pines,  spruces,  beeches,  oaks,  aspens,  and  hazels,  the 
association  is  ectotrophic.  Mycorrhizae  are  usually  considered  a 
kind  of  mutualism  in  which  the  fungus  appears  to  absorb  carbo- 
hydrates and  possibly  other  organic  substances  from  the  root, 
while  the  latter  presumably  obtains  nitrogen  and  minerals  from 
the  fungus.  It  appears  that  the  fungus,  in  addition  to  absorbing 
nitrogen  compounds  from  the  soil,  can  in  some  instances  fix 
atmospheric  nitrogen.  Some  kinds  of  mutualism  such  as  ecto- 
trophic mycorrhiza  may  be  the  most  successful  type  of  parasit- 
ism because  there  is  no  destruction  of  tissue,  although  hyper- 
trophy may  be  induced.  Other  kinds  of  parasitism  are  "primi- 

Ecological  CHaracteristics  o£  Species  &.  Popislatioims   •    53 


tive,"  in  which  the  parasites  are  restricted  by  the  host,  although 
seedhngs  may  be  destroyed;  "less  primitive,"  when  the  parasites 
are  less  restricted  and  cause  rapid  and  widespread  destruction  of 
the  host  tissues;  and  "specialized,"  in  which  some  degree  of  tem- 
porary mutualism  occurs  and  disorganization  of  host  tissue  is  re- 
duced or  delayed. ^° 

Mutualistic  relations  may  be  of  great  advantage  to  plants,  for 
without  the  special  absorbing  capacity  of  the  fungi,  or  the  nutri- 
tive features  of  associated  bacteria,  they  might  not  be  able  to 
utilize  the  resources  of  the  environment  adequately.  If  both 
associates  are  present,  otherwise  uninhabitable  sites  may  be  occu- 
pied, but  there  may  be  delay  in  invasion  because  two  different 
organisms  must  migrate  into  the  new  area  and  come  together. 
However,  the  advantages  of  mutualistic  relations  seem  to  out- 
weigh the  disadvantages,  as  indicated  by  their  widespread 
occurrence. 

ECOLOGICAL  SUCCESS  OF  A  SPECIES 

The  ecological  success  of  a  species  or  a  population  depends 
upon  its  capacity  to  cope  with  its  physical  environment  and  with 
the  associated  plants  and  animals  in  the  relationships  outlined 
in  the  preceding  principles.  This  capacity  has  been  attained  over 
a  long  period  of  evolution  during  which  the  fitness  of  adaptations 
to  the  physical  environment  and  to  interspecific  association  be- 
came increasingly  close.  The  adaptiveness  is  generally  so  efficient 
that  new  migrants  or  hybrids  and  mutants  can  find  opportunity 
to  grow  only  in  disturbed  areas  where  the  original  vegetation  has 
been  destroyed  or  impaired.  It  appears  that  every  species  has  its 
ecological  niche  and  that  most  niches  are  fully  occupied  until 
disturbed. 

The  degree  of  success  of  an  individual  organism  depends  upon 
how  well  its  processes  are  integrated  with  the  environment  and 
with  other  organisms  and  how  well  it  functions  as  a  member  of 
the  species  population.  Similarly,  the  success  of  a  population  de- 
pends upon  the  integration  of  population  processes  and  relation- 
ships with  other  species  populations  and  with  the  environment. 
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The  processes  involved  in  attaining  ecological  success  are  very 
different  for  a  plant  growing  alone  or  in  a  spaced  planting  such 
as  a  corn  field,  where  the  relations  are  chiefly  with  the  physical 
environment,  than  for  a  plant  growing  in  a  dense  vegetation 
composed  of  many  species,  as  in  a  meadow.  The  ecological  suc- 
cess of  a  species  may  be  measured  or  described  according  to  quan- 
titative and  qualitative  characteristics  of  the  community,  such  as 
numerical  abundance,  cover,  frequency,  vitality,  and  other  fea- 
tures, as  discussed  in  Chapter  2. 

The  perennial  bunchgrass,  little  bluestem  {Andropogon  scoparius), 
may  be  taken  as  an  example  of  a  highly  successful  species,  judg- 
ing by  its  wide  distribution,  abundance  or  dominance,  and  per- 


Figure  1-26.  The  perennial  bunchgrass,  little  bluestem 
{Andropogon  scoparius),  is  a  highly  successful  species.  Here 
it  is  shown  growing  in  excellent  condition  on  stony  soil  in 
Texas.  (U.S.D.A.  Soil  Conservation  Service.) 


sistence.  Its  requirements  of  water  and  mineral  nutrients  can  be 
secured  in  moist  to  fairly  dry  soil,  ranging  from  loam  to  soil  of  a 
sandy  or  rocky  texture.  Thus  little  bluestem  has  a  wide  range  of 
ecological  amplitude  in  respect  to  soil  fertility  and  moisture,  as 
well  as  duration  of  light  and  length  of  growing  season,  but  it  does 
not  tolerate  much  shade.  A  number  of  ecotypes  are  known,  and 
probably  many  more  exist  (Figure  1-26).  Its  numerous  leaves  and 
extensive  fibrous  root  system  make  it  efficient  in  photosynthesis 
and  absorption  of  water,  so  it  has  a  well-developed  capacity  for 
using  the  resources  of  the  environment,  as  well  as  for  competing 
with  other  plants  except  where  it  is  overtopped.  However,  in  very 
dry  habitats  such  as  the  High  Plains  of  Colorado,  it  cannot  com- 
pete with  the  lower-growing  shortgrasses.  Although  occurring 
usually  as  a  dominant,  its  bunch  life-form  permits  other  species 
to  grow  in  association  with  it.  Flowers  are  produced  on  stalks  50 
to  150  cm  tall,  so  they  are  well  exposed  to  pollination  by  wind, 
and  the  fruits  are  adapted  to  wind  dissemination  although  they 
may  also  be  carried  by  animals.  Large  yields  of  seed,  maturing 
in  late  summer  or  early  fall,  are  dependent  upon  suitable  tem- 
peratures and  moisture  supply  during  blooming  and  later,  but 
such  conditions  do  not  obtain  every  year.  The  seed  is  dormant 
for  two  to  four  months  after  maturity,  germination  is  slow,  and 
the  small  seedlings  grow  slowly.  Little  bluestem  tolerates  grazing 
well  unless  cropped  too  closely,  and  it  also  withstands  burning 
during  the  nongrowing  season.  Usually  it  is  not  attacked  seriously 
by  parasites.  The  stages  encountering  greatest  hazards  for  suc- 
cess are  those  of  seed  production  and  seedling  establishment. 
The  capacity  to  occupy  special  habitats  and  the  persistence  of 
these  habitats  are  important  in  the  ecological  success  of  many 
species  (Figure  1-27).  The  requirements  and  amplitudes  of  such 
species  have  become  so  well  adapted  that  they  cannot  compete 
well  elsewhere,  but  in  their  own  habitats  they  often  have  so  much 
competitive  capacity  that  other  species  cannot  usually  invade. 
Species  in  some  communities  characterized  by  Ammophila,  Cakile, 
Salicornia,  and  Spartina,  have  been  closely  associated  on  exposed, 
as  well  as  on  protected  seashores  of  the  North  Atlantic  since  the 
Miocene  Epoch. ^^  Certain  parts  of  northern  Alaska  and  Scan- 
dinavia were  not  glaciated  during  the  Pleistocene,  so  there  has 
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Figure  1-27.  The  Washingtonia  palm  (Washingtonia  fili- 
fera)  is  ecologically  successful  in  limited  areas  of  south- 
eastern California,  Yuma  County,  Arizona,  and  in  northern 
Lower  California  by  growing  in  rocky  stream  beds  or  in  the 
vicinity  of  springs.  Near  Palm  Springs,  California.  (U.  S. 
Forest  Service.) 

been  a  long  time  for  adaptation  of  plants  to  special  habitats.  The 
roots  of  a  number  of  species,  including  Arctagrostis  latifolia  and 
Eriophorum  vaginatum  var.  spissum,  are  able  to  follow,  within  about 
1  cm,  the  melting  of  the  permafrost;  thus  essential  rapid  growth 
at  low  temperatures  takes  place  during  the  short  growing  season. 
The  occurrence  of  certain  rare  species,  such  as  Minuartia  stncta  and 
its  associates  in  the  North  Pennines  of  Great  Britain,  is  possible 
because  of  the  maintenance  of  favorable  habitats  since  the  Late- 
glacial  Period.  ^^3 

High-alpine  species  often  seem  to  be  restricted  to  the  high 
altitudes  partly  through  lack  of  competitive  capacity.  They  can 
hold  their  own  only  where  the  usual  growth  requirements  can  be 
met  and  where  the  growing  season  is  so  short  that  all  plants  with 
longer  growing  periods  and  greater  competitive  capacity,  are 
eliminated.   For  example,  in  Swedish  Lapland  many  alpine 
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species,  including  Ranunculus  nivalis,  Salix  herbacea,  S.  polaris,  Sib- 
baldia  procumbens,  and  Saxifraga  spp.,  are  found  at  lower  ele- 
vations in  the  conifer  and  birch  zones  in  certain  places  such  as 
river  banks,  inundated  lake  shores,  talus  slopes,  paths,  and  old 
reindeer  pens  {Phippsia  algida  in  the  last),  where  the  environ- 
mental requirements  of  alpine  plants,  including  nonpodsolized, 
nutrient-rich  soil  and  exposure  to  sunlight,  can  be  supplied,  and 
competition  with  subalpine  plants  is  reduced  or  absent. •''  There- 
fore it  appears  that  the  ecological  success  of  alpine  plants  is  at- 
tained by  their  efficiency  in  using  the  resources  of  their  environ- 
ment in  a  short  growing  period  and  in  the  absence  of  competi- 
tion with  other  species. 

In  the  reseeding  of  range  lands,  in  the  introduction  of  new 
crops  into  a  region,  and  in  biological  control  it  is  important  to 
evaluate  the  opportunities  for  ecological  success  of  ecotypes, 
varieties,  and  species  that  may  be  used.  This  includes  considera- 
tion of  their  characteristics,  particularly  the  requirements,  eco- 
logical amplitude,  and  competitive  capacity.  The  use  of  the 
homocHme  technique' ^2  {^  also  helpful  in  the  introduction  of 
new  species  because  it  stresses  the  selection  of  plants  or  animals 
from  areas  of  similar  environmental  conditions.  It  has  been  shown 
that  when  a  strain  grows  well  in  one  place,  such  as  in  a  certain 
area  of  California,  it  will  be  successful  in  other  areas  that  are 
similar  in  latitude  and  cHmate  such  as  parts  of  Israel,  provided 
that  diseases,  parasites,  or  competition  are  not  limiting  factors. 
In  order  to  reduce  competition  it  may  be  necessary  to  destroy  most 
of  the  dominant  plants  in  an  area  before  introducing  a  species 
from  another  region. 
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Plants  rarely  grow  singly.  Different  kinds  usually  grow  together, 
forming  groups  such  as  a  patch  of  weeds  on  waste-land,  a  zone 
of  sedges  and  grasses  bordering  a  lake,  or  a  group  of  trees  form- 
ing a  woods.  Groupings  or  communities  of  plants  are  so  universal 
that  they  require  careful  description  and  study. 

A  plant  grouping  is  a  collection  of  plants  of  one  to  many 
species  growing  together  and  having  a  certain  unity.  This  unity 
is  formed  in  the  first  place  because  the  plants  are  living  close  to- 
gether in  a  common  habitat;  and  it  increases  by  the  interrelation- 
ships formed  between  them.  In  the  more  complex  communities, 
composed  of  plants  of  various  life-forms,  interrelationships  be- 
come more  numerous  and  diversified.  Interspecific  association  of 
species  becomes  more  pronounced,  and  thus  the  dependence  of 
one  species  upon  another  within  the  general  framework  of  the 
environment  increases  as  well.^^^  The  independence  of  a  species 
may  be  greatly  modified  when  it  is  growing  in  association  with 
other  species  as  compared  to  growing  alone. 


The  extent  of  the  area  occupied  by  each  kind  of  grouping  de- 
pends chiefly  upon  the  similarity  or  homogeneity  of  the  environ- 
mental conditions  (see  Figures  1-1  and  1-22).  "As  widely  in 
space  as  a  uniform  physical  environment  and  a  uniform  physio- 
logical interference  [similar  to  relations  between  species]  are 
maintained,  just  so  widely  will  the  vegetation  remain  similarly 
uniform,  modified  only  by  the  factor  of  time,  which  is  necessary 
to  the  attainment  of  uniformity."  ^^P'*'^''  "Uniformity,  area, 
boundary,  and  duration  are  the  essentials  of  a  plant  community. 
...  A  community  is  uniform,  either  in  space  or  in  time,  only  to 
a  reasonable  degree.  This  uniformity  is  sufficient  to  enable  us  to 
recognize  the  community  and  to  accept  it  as  a  unit  of  vegeta- 
tion. .  .   ."90.pp.l03.104 

The  grouping  cannot  be  separated  functionally  from  the  en- 
vironment. The  community  with  all  its  plants  and  animals  forms 
the  living  part  of  the  ecosystem,  while  the  environment  forms  the 
nonliving  part.  In  most  ecosystems  the  kinds  of  organisms  are 
numerous  and  diverse  and  include  producers,  consumers,  and 
decomposers.  The  relations  between  the  organisms  themselves, 
and  between  the  organisms  and  the  environment  are  also  num- 
erous and  complex.  Because  of  this  complexity  and  the  basic 
function  of  plants  as  producers,  and  also  because  they  usually 
form  the  structural  habitat  within  which  animals  live,  plant 
groupings  are  treated  primarily  here,  even  though  they  form  only 
one  part  of  the  living  component  of  the  ecosystem.  The  plant 
grouping  is  an  advantageous  starting  point  because  it  is  more 
easily  analyzed  than  the  animal  life  or  the  environment;  more- 
over, an  understanding  of  the  plant  community  facilitates  analysis 
of  the  other  components  of  the  ecosystem.  Many  plant-animal 
relations  are,  of  course,  included  in  the  study  of  plant  communi- 
ties, but  less  exhaustively  than  when  the  ecosystem  is  the  primary 
object  of  study. 

FACTORS  INVOLVED  IN  THE  GROUPING  OF  SPECIES 

Groupings  of  plants  occur  because  the  requirements  and  eco- 
logical amplitudes  of  several  to  many  species  are  adapted  to  the 
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environmental  conditions  of  a  specific  habitat  and  because  the 
relations  between  these  species  permit  them  to  be  associated  (see 
Charts  1  and  2,  pp.  18  and  19).  In  other  words,  the  plants  and 
animals  in  the  grouping  are  able  to  coexist  in  the  environment 
of  the  habitat.  In  addition,  the  evolutionary  history  of  the  asso- 
ciated species,  the  environments  of  the  past,  and  the  relict  popu- 
lations of  earlier  stages  of  succession  influence  the  association. 
Plant  groupings  are  not  merely  random  aggregations  resulting 
from  the  first  seeds  or  other  propagules  reaching  an  area.  The  en- 
vironmental conditions  play  a  most  important  role  in  determin- 
ing the  kinds  of  plants  that  become  associated.  For  example,  the 
occurrence  of  each  species  in  each  stage  of  succession  in  southern 
New  Mexico-^"*  and  groupings  within  the  extensive  grassland  of 
California^ ^  appear  to  be  determined  by  the  kind  of  soil  in  the 
various  areas.  Pronounced  relationships  have  been  found  between 
the  grouping  of  plants  and  the  soil  characteristics  in  many  places^^ 
as,  for  example,  on  well-drained  soils  in  the  arctic  tundra  of 
northern  Alaska,  where  the  correspondence  is  so  close  that  the 
vegetation  type  can  be  predicted  when  the  soil  profile  and  gen- 
eral location  on  the  Arctic  slope  are  known.* ^^  In  many  com- 
munities it  appears  that  a  state  of  interaction  and  coordination 
between  species  and  the  physical  environment  is  gradually  pro- 
duced.^  This  takes  a  long  time,  involving  the  genetic  continuity 
of  species.  Invaders  cannot  intrude,  for  the  community  develops 
a  characteristic  environment  which  determines  the  kinds  of  plants 
that  can  grow  there. 

Some  groups  contain  many  species,  others  few.  The  number 
depends  largely  upon  (1)  the  nature  of  the  habitat,  including  the 
length  of  growing  season,  availability  of  moisture  and  mineral 
nutrients,  and  absence  of  disturbing  influences;  (2)  the  degree  of 
overlapping  in  ranges  of  ecological  amplitude  of  the  species;  and 
(3)  suflficient  associative  capacity  so  species  can  live  together  (see 
Figures  1-7,  1-17,  and  1-27).  Each  species  has  its  own  individ- 
uality, but  when  it  becomes  a  member  of  a  group  it  is  no  longer 
independent — there  are  too  many  interacting  organisms.  The  in- 
vasion of  many  plants  is  often  restricted  by  the  strong  competitive 
capacity  of  various  dominant  grasses  or  other  plants  so  that  the 
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total  number  of  species  may  be  low — Agropyron  spp.  and  Festuca 
ovina  var.  duriuscula,  for  example,  in  northeastern  Washington. ^^ 

The  interrelations  between  individuals  of  the  same  species  may 
be  very  close.  Natural  grafting  of  roots  is  common  in  many  kinds 
of  forest-tree  species;  for  example,  in  the  eastern  white  pine 
{Pinus  strobus)  from  two  to  a  number  of  trees  may  become  united 
in  this  manner.^'*  This  interaction  has  pronounced  effects  upon  the 
nature  of  the  grouping,  for  the  individuality  of  the  single  organ- 
ism is  replaced  by  a  complex  organism — an  interacting  group  of 
plants  that  have  many  connected  physiological  processes.  Hence, 
intraspecific  competition  becomes  less  important  than  interspecific 
competition,  and  diseases  such  as  Dutch  elm  disease  (Ceratostomella 
ulmi)  and  oak  wilt  {Endocomdiophorafagacearum)  can  be  transmitted 
through  such  grafts  from  tree  to  tree.  Tree  poisons  (silvicides) 
can  also  move  from  poisoned  to  nonpoisoned  trees  ("backflash"). 
The  disease  or  the  poison  transmitted  in  this  way  may  hasten  the 
death  of  many  desirable  trees. 

A  species  with  wide  ecological  amplitude  and  strong  competi- 
tive capacity  may  occur  in  several  different  groups.  It  may  be 
dominant  in  one  group  and  subordinate  in  another;  for  example, 
in  certain  clay  soils  in  the  northern  Great  Plains,  western  wheat- 
grass  {Agropyron  smithii)  is  often  the  chief  dominant,  while  in  loam 
soils  it  may  be  present  but  subordinate  to  needle-and-thread 
{Stipa  comata)  and  blue  gramagrass  {Bouteloua  gracilis).  Species 
may  vary  in  adaptability  to  different  concentrations  of  mineral 
salts.  As  shown  in  Table  1-1,  Pinus  silvestris  has  a  wide  range  of 
amplitude,  but  it  is  dominant  only  when  the  ground-water  level 
is  30  to  40  cm  or  more  deep.  As  shown  in  the  table,  similarity  in 
amplitudes  permits  grouping  of  species  into  marsh,  transition 
bog,  and  sphagnum  bog. 

Largely  on  the  basis  of  tolerance  to  depth  and  duration  of 
snow  cover,  alpine  species  may  often  be  differentially  aggregated 
into  definite  communities.  For  example,  in  the  Rondane  region 
in  Norway  there  are  four  communities:  Cetraria  nivalis- Alectoria 
ochroleuca  lichens  on  exposed  ridges,  Cladonia  alpestris  lichens  on  the 
slope,  Vaccinium  myrtillus  heath  zone  still  lower  on  the  slope,  and 
Deschampsia  Jiexuosa-Carex  bigelowii  grassland  with  a  ground  layer 
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Figure  2-1.  Cladonia  sylvatica  and  C.  alpestris  form  most 
of  the  lichen  layer  in  openings  between  the  glandular  birch 
{Betula  glandulosa),  while  C.  rangiferina  is  most  abundant 
under  the  shrubs.  Very  good  winter  caribou  range  east  of 
Cantwell,  Alaska,  August,  1957. 


of  mosses  in  the  bottom  of  the  depressions^  (ggg  Chart  1).  Impor- 
tant associates  in  the  first  community  are  Vaccinium  vitis-idaea, 
Cornicularia  divergens,  and  Cetraria  cucullata.  Species  with  wide  eco- 
logical amplitude  such  as  Cetraria  islandica  and  Dicranumfuscescens 
were  found  in  several  communities  but  may  be  dominant  in  only 
one,  or  at  times  in  none.  Competition  also  plays  an  important  part 
in  the  aggregation  of  the  species;  for  example,  where  Cladonia 
alpestris  forms  dense  mats  there  is  little  opportunity  for  the  growth 
of  less  competitive  lichens,  mosses,  and  even  low  shrubs  and  herbs. 
When  the  snow  cover  lasts  late  into  the  summer,  Vaccinium  myrtil- 
lus  cannot  grow  and  the  reduced  competition  improves  conditions 
for  other  species.  In  Alaska  Cladonia  alpestris  suppresses  even  low 
shrubs,  including  Empetrum  nigrum  and  Vaccinium  vitis-idaea,  but  it 
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Figure  2-2.  Invasion  of  a 
waste  area  by  annual  weeds: 
Iva  xanthifolia,  Kochia 
scoparia,  Bromus  tectorum, 
Chenopodium  sp.,  Poly- 
gonum aviculare,  and  Lac- 
tuca  scariola — a  pioneer 
stage  in  secondary  succes- 
sion. June,  Colorado. 


does  not  grow  as  well  as  C.  rangiferina  in  the  shade  of  the  taller 
shrub,  Betula  glandulosa  (Figure  2-1). 

The  formation  of  weed  groupings  in  early  stages  of  succession 
in  cultivated  or  abandoned  fields  is  often  closely  related  to  en- 
vironmental conditions. ^^•^*'°  Man  has  undoubtedly  influenced 
the  formation  or  modification  of  communities  for  a  long  time,  and 
this  continues  now  at  an  accelerated  rate.  The  maqui  vegetation 
of  the  Mediterranean  region,  the  shiblyak  of  the  Balkans,  and  the 
carbon  scrub  in  Central  America  are  apparently  the  result  of 
man's  interference.'*  The  entire  chaparral  community  in  Califor- 
nia seems  to  be  in  a  state  of  flux,  with  variations  of  Adenostoma 
fasciculatum,  hybrid  manzanitas,  hybrid  oaks,  and  Ceanothus  spp.  in 
an  ecologically  disturbed  habitat;  but  the  extent  to  which  it  is 
man-made  is  not  clear,^  and  further  study  by  analytical  methods, 
unbiased  by  preconceived  dogmas,  is  required. 

Seven  basic  ecological  processes  are  involved  in  the  formation 
of  new  groupings  and  in  the  modification  of  existing  ones:  migra- 


Figure  2-3.  Aggregation  by 
growth  of  seedlings  of  Pinus 
ponderosa  in  an  opening  in 
the  forest,  showing  a  dense 
stand  with  excessive  compe- 
tition. Lassen  National  For- 
est, California.  (U.  S.  Forest 
Service.) 


Figure  2-4.  An  aggregation 
of  the  insectivorous  pitcher- 
plant  (Sarracenia  flava)  in 
a  marsh  in  Louisiana. 
(U.S.D.A.  Soil  Conservation 
Service.) 


tion,  germination,  establishment  (Figure  2-2),  aggregation  (Fig- 
ures 2-3  and  2-4),  competition  and  other  coactions,  reaction  (Fig- 
ure 2-5),  and  replacement.  Migration  can  be  by  seed  or  by 
vegetative  parts,  the  former  often  requiring  more  exacting  condi- 
tions than  the  latter.  Establishment  or  ecesis  is  considered  accom- 
plished when  the  plants  are  reproducing  themselves,  but  many 
seedlings  never  succeed.  Seedlings  and  vegetative  offshoots  tend 
to  aggregate  about  the  parents,  and  this  leads  to  competition  for 
light  or  other  requirements,  but  some  plants  need  the  shade  of 
others  or  the  protection  of  shrubs  from  grazing  in  order  to  reach 
maturity.  Usually  the  plants  with  the  greatest  competitive  capa- 
city have  the  best  chance  for  survival.  Reactions  such  as  shad- 
mg  often  make  the  environment  less  suitable  for  the  present 
occupants  of  an  area  but  more  favorable  for  other  species  which 
may  invade  and  become  established.  These  processes  are  occur- 
ring continually  in  all  plant  groupings  and  in  time  lead  to  great 
changes  during  the  course  of  ecological  succession. 


Figure  2-5.  Sandreed  {Cala- 
movilfa  gigantea)  has 
formed  a  stand  by  means  of 
the  vigorous  growth  of  rhi- 
zomes, now  reacting  on  the 
habitat  by  stabilizing  the 
sand  movement.  October, 
Woodward,  Oklahoma. 
(U.S.D.A.  Soil  Conservation 
Service.) 


KINDS  OF  GROUPINGS 

A  specific  grouping  of  plants,  including  all  the  layers,  is  a 
stand  (Figures  1-11  and  2-3).  It  may  be  defined  as  a  particular 
aggregation  of  plants  having  a  high  degree  of  uniformity  in  com- 
position and  structure  and  occupying  an  area  of  essentially  uni- 
form environment.  The  terms  comniunity,  concrete  community, 
individual  community,  and  phytocenose  also  refer  to  a  specific 
grouping  of  plants,  but  "community"  may  also  be  used  for  any 
aggregation  of  plants.  Within  a  more  or  less  limited  geographical 
area  similar  groupings  of  species  occur  in  similar  habitats,  whereas 
different  groupings  are  found  under  various  combinations  of  en- 
vironmental factors.  Groupings  are  not  identical,  nor  genetically 
related,  even  within  a  limited  area,  but  some  do  resemble  one  an- 
other sufficiently,  and  differ  from  other  groupings  sufficiently,  so 
they  can  be  classified  together  as  one  community  type,  abstract 
community,  or  association.  A  community  type  or  abstract  com- 
munity may  be  defined  as  a  group  of  stands  that  are  similar  in 
species  composition  and  structure  and  occupy  similar  habitats. 
An  association,  as  defined  by  the  Third  International  Botanical 
Congress  in  Brussels,  is  ".  .  .  the  fundamental  unit  of  phyto- 
sociology,  being  a  plant  community  of  certain  floristic  composi- 
tion, of  uniform  habitat  conditions  and  of  uniform  physiog- 
nomy." 20^  The  association  in  the  Clements  sense  is  a  subdivision 
of  the  formation,  occupying  a  large  area,  and  recognized  or  de- 
limited by  its  floristics,  physiognomy,  and  organic  relation  to  other 
units  in  the  formation.'*'  Obviously,  there  is  no  correspondence 
between  the  two  definitions. 

The  grouping  of  similar  stands  into  one  community  type  does 
not  require  that  the  composition,  abundance,  and  structure  of  the 
stands  be  identical,  nor  that  the  habitats  be  identical;  but  it  does 
require  a  certain  degree  of  resemblance,  more  than  with  members 
of  other  community  types  (Figures  1-1  and  1-4).  The  similarity 
in  habitats  lies  not  necessarily  in  the  homology  of  the  soils,  but 
in  the  similarity  of  conditions  for  plant  growth,  for  a  well-devel- 
oped humus  carbonate  soil  may  support  the  same  kind  of 
vegetation  as  an  iron  podsol  soil;  the  soils  are  analogous,  not 
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identical.  2^  An  example  of  similar  stands  in  similar  habitats  is  the 
intimate  relationship  that  exists  between  vegetation  and  topog- 
raphy in  Island  Beach  State  Park,  New  Jersey.  This  relationship 
is  especially  constant  in  herbaceous  stands  which  occupy  facets 
characterized  by  limiting  environmental  conditions,  such  as 
dunegrass  communities  on  primary  foredunes,  the  true  salt  marsh 
occurring  in  intertidal  peat  flats,  and  nearly  all  the  reedgrass 
communities  on  low  sandy  ridges  parallel  to  the  shoreline.  ^'^'^ 
Neither  does  the  concept  of  community  type,  or  abstract  com- 
munity, require  that  all  habitats  resembling  one  another  should 
be  occupied  by  similar  groupings,  for  such  habitats  may  be  so 
widely  separated — grasslands  in  the  Ukraine  and  in  North 
America  for  example — that  the  constituent  species  of  each  have 
been  prevented  by  natural  barriers  from  migrating  from  one  to 
the  other.  Vegetation  in  similar  habitats  may  also  differ  because 
the  stands  are  in  various  stages  of  succession  or  the  sources  of  the 
disseminules  may  be  located  at  various  distances. 

While  the  stands  in  a  community  type  are  not  precisely  alike, 
the  inclusion  of  similar  groupings  under  one  category  is  most 
useful  in  the  interpretation  of  relations  between  vegetation  and 
environment,  and  is  as  logical  as  many  other  kinds  of  classifica- 
tion. The  resemblance  between  stands  is  neither  superficial  nor 
accidental,  as  stated  by  Gleason,^°  but  is  often  profound,  as  shown 
by  the  high  degree  of  relationship  between  vegetation  and 
environment  as  compared  to  other  kinds  of  stands  in  the  same 
geographic  area.  It  seems  impossible  that  each  community  is  the 
product  of  its  own  independent  causative  factors,^°  for  many 
interrelations  between  species  in  different  stands  do  exist  such  as 
pollination,  seed  dispersal,  feeding  of  animals,  and  the  spreading 
of  parasites.  Because  of  these  interrelationships  a  plant  commun- 
ity cannot  be  a  wholly  individualistic  entity — barriers  completely 
isolating  communities  or  ecosystems  simply  do  not  exist  here.^° 

Since  habitats  differ;  since  species  differ  in  their  requirements, 
ecological  amplitudes,  and  relations  with  other  species;  and  be- 
cause some  habitats  and  stands  are  similar,  it  is  to  be  expected 
that  groupings  of  different  degrees  of  resemblance  can  be  made. 
Similarity  in  habitat  is  often  indicated  by  the  physiognomy,  life- 
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form,  and  structure  of  the  vegetation,  although  the  species 
composition  may  vary,  as  in  various  grasslands;  e.g.,  the  Great 
Plains  biome  belongs  to  the  same  grassland  biome  type  as  the 
South  African,  Central  Asian,  Brazilian,  and  other  grassland 
biomes.^ 

It  is  possible  that  species  of  different  life-forms,  formerly  isolated 
by  geographic  barriers,  may  succeed  in  new,  closely  similar 
habitats  as  shown  by  the  ability  of  Eucalyptus  spp.,  which  form 
woodland  in  Australia,  to  persist  in  grassland  in  California.  ^°  It 
appears  questionable,  however,  that  Eucalyptus  spp.,  planted  in 
California,  are  steadily  converting  grassland  into  forest.  It  appears 
that  usually  the  species  best  adapted  in  the  long  run  to  the  com- 
plex physical  conditions  and  to  the  species  of  plants  and  animals 
with  which  they  are  associated  are  those  that  have  developed  close 
interrelationships  during  the  long  period  of  evolution  within  a 
specific  geographic  area  or  ecosystem.  Even  though  climates  may 
be  similar  in  geographically  separated  areas,  other  factors  affect- 
ing vegetation  and  soils  are  likely  to  be  dissimilar.  When  intro- 
duced species  of  different  life-form  grow  successfully  in  a  com- 
munity, such  as  crested  wheatgrass  in  native  grassland  in  the 
northern  Great  Plains  and  possibly  Eucalyptus  in  California,  or 
when  native  species  such  as  mesquite  and  cacti  invade  grasslands 
in  the  southwestern  United  States  (Figure  1-12)  or  shortgrasses 
invade  mixed  and  tallgrass  prairie  in  Nebraska  (as  happened 
during  the  1930  decade)  it  appears  that  there  have  been  changes 
in  environmental  conditions  or  in  associated  species  such  as  those 
caused  by  excessive  grazing,  drought,  or  even  absence  of  fire. 
Dissimilarities  in  habitats  commonly  result  in  differences  in  the 
life-form  and  structure  of  the  vegetation,  as  illustrated  by  biomes 
in  different  biome-types,  and  apparently  this  is  true  also  in 
bryophytic  communities.^^ 

The  classification  of  concrete  communities  or  stands  into  ab- 
stract communities  or  community  types  is  valid  and  useful,  partic- 
ularly within  a  limited  geographic  area  and  often  in  a  large  area, 
as  demonstrated  by  numerous  workers.  The  gradual  transition  of 
one  group  into  another,  forming  a  continuuni,^°  which  may  be 
repeated  in  different  locations  in  a  large  area,  does  not  invalidate 
the  classification  of  stands  into  abstract  communities  or  types,  but 
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instead,  seems  to  require  the  recognition  of  additional  abstract 
types,  separated  from  one  another  by  arbitrary  criteria. 2°°- ^^^ 
Comparison  may  be  made  to  Mendelian  populations  which  are 
recognized  although  they  are  not  necessarily  discrete  units,  and 
often  no  sharp  demarcation  can  be  made  between  them.  Like- 
wise, youth  and  old  age  are  recognized  but  they  cannot  be 
sharply  segregated. 

In  a  region  where  topographic  changes  are  frequent,  as  in  many 
hilly  and  mountainous  sections,  the  vegetation  at  first  glance  ap- 
pears chaotic — the  heterogeneity  seems  to  be  without  "rhyme  or 
reason."  The  problem  of  individualizing  and  circumscribing 
groupings  in  the  complex  mosaic  of  vegetation  is  an  old  one  in 
phytosociology.  However,  close  inspection  soon  reveals  that  cer- 
tain species  are  grouped  together,  although  the  proportions  may 
differ  in  different  sites.  The  groups  may  be  segregated  by  sharp 
vegetational  boundaries  (ecotones)  that  may  coincide  with 
abrupt  changes  in  physical  conditions  in  the  soil  such  as  texture, 
structure,  moisture  content,  or  chemical  constituents. ^^^^^  Other 
sharply  delimited  stands  may  be  the  result  of  fire,  cultivation, 
animal  activity,  wind,  or  salt  spray.  Even  in  bogs  sharp  segrega- 
tion is  common,^ 2  but  mosaic  transitions  may  also  occur.  ^^^ 

Where  changes  in  environmental  conditions  are  gradual  the 
vegetation  alters  continuously  from  one  kind  of  community  to  an- 
other. But  even  under  such  conditions,  discontinuities  are  often 
present  because  one  species  may  be  the  chief  dominant  in  one  part 
of  the  gradient,  but  in  another  part,  where  the  critical  point  of 
tolerance  has  been  reached,  another  kind  suddenly  takes  its 
place;  however,  there  may  be  a  narrow  sector  of  the  gradient 
where  both  dominants  are  in  competition.^^  In  many  areas  both 
abrupt  and  gradual  changes  between  communities  are  present. 
In  an  extensive  study  of  forest  succession  in  Algonkuin  Park, 
Canada,  Martin^'^^  concluded  that  because  of  the  great  diversity 
in  the  forests  it  is  unfruitful  to  debate  whether  forest  succession  is 
a  continuum  or  a  series  of  distinct  communities.  In  some  circum- 
stances it  is  a  continuum,  in  others  a  series  of  communities;  or  it 
may  be  a  continuum  in  one  period,  a  distinct  community  in  an- 
other. In  most  cases  elements  of  both  are  present  in  varying 
proportions. 
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The  vegetation  and  topography  of  a  large  part  of  western 
North  Dakota  show  considerable  heterogeneity  (Figure  2-6)  and 
will  be  discussed  in  detail  here  so  as  to  serve  as  an  example  of  the 
grouping  of  species. '^^  In  order  to  unravel  relationships  between 
plant  groupings  and  topographic  and  soil  conditions  in  this 
region,  many  stands  were  analyzed  and  described.  The  charac- 
teristics of  frequency,  abundance,  and  herbage  cover  were  chiefly 
used  to  measure  the  degree  of  success  of  the  plants  in  the  different 
habitats,  and  the  species  were  then  grouped  into  nine  main 
community  types.  The  habitats  differed  in  topography,  thickness 
of  the  surface  layer  of  dark  soil,  depth  at  which  calcium  carbonate 
showed  effervescence  with  HCl,  alkalinity  or  acidity  of  the  upper 
horizons,  total  concentration  of  soluble  salts,  amounts  of  sodium 
and  carbonate,  soil  texture,  and  colloidal  content.  On  the  upland 
plateaus  and  gentle  upland  slopes  with  a  fairly  deep,  dark, 
residual  sandy-loam  soil  (Chestnut  group)  the  chief  dominants 
and  constants  were  Bouteloua  gracilis,  Stipa  comata,  Carex  Jilifolia,  C. 
stenophylla,  Agropyron  smithii,  and  Koeleria  cnstata.  Stands  of  these 
and  associated  species  occurring  in  different  areas  were  sufficiently 


Figure  2-6.  Similar  communities  occur  in  similar  habitats 
such  as  plateau  tops,  long  slopes,  valleys,  and  eroding  banks. 
A  stand  of  blue  gramagrass-needle-and-thread-sedge  com- 
munity-type appears  in  the  foreground.  May,  1959,  western 
North  Dakota.  (U.S.D.A.  Soil  Conservation  Service.) 
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similar  to  be  considered  as  one  kind  of  community — the  blue 
gramagrass-needlegrass-sedge  community  type — which  occupied 
more  of  the  region  than  any  of  the  other  types.  Other  groupings 
occurred  on  valley-fill  deposits  on  long,  gradual  slopes  of  clay- 
loam  soil  with  a  shallow  layer  of  dark  soil;  on  steep  slopes  of  clay- 
loam  to  loam  with  a  shallow  layer  of  dark  soil;  and  on  sandy  soil. 
Many  species  possessed  wide  ecological  amplitude,  as  indicated 
by  their  occurrence  in  different  habitats,  such  as  Bouteloua  gracilis, 
Agropyron  smithii,  Stipa  comata,  Koeleria  cristata,  Chenopodium  leptophyl- 
lum,  Artemisia  frigida,  and  Gaura  coccinea.  The  first  three  were  much 
more  successful  ecologically  than  the  others,  largely,  it  appears, 
because  of  their  superior  competitive  capacity.  On  the  other 
hand,  a  few  species  had  a  narrow  range  of  ecological  amplitude, 
or  had  little  capacity  to  utilize  the  resources  of  any  of  the  habitats 
of  this  region.  Two  of  these,  Stipa  spartea  and  Sporobolus  heterolepis, 
are  better  adapted  to  conditions  farther  east,  i.e.,  those  which 
the  prairies  provide  as  an  environment  more  nearly  within  the 
range  of  their  optimum  ecological  amplitudes.  The  big  bluestem, 
or  turkey-foot,  Andropogon  gerardi,  grew  in  only  one  kind  of 
habitat,  which  was  restricted  to  the  lower  parts  of  steep  slopes 
where  the  loam  to  sandy-loam  soil  was  deep  and  moist;  and 
here  it  was  successful  with  A.  scopanus  and  Sporobolus  heterolepis  as 
characteristic  associates.  Puccinellia  airoides,  because  of  its  toler- 
ance of  poorly  drained  soil  with  a  high  content  of  soluble  salts, 
utilized  resources  of  low  stream  terraces  where  the  conditions 
were  outside  the  amplitude  range  of  most  of  the  species  occurring 
in  this  region.  Distichlis  stricta  was  a  common  associate  but,  prob- 
ably because  of  possessing  greater  competitive  capacity,  it  grew 
also  in  association  with  Agropyron  smithii  and  other  species  on 
better-drained  terraces. 

The  number  of  species  per  community  type  in  this  region  varied 
from  about  20  to  29  in  the  less  favorable  habitats  to  41  to  86  in 
the  more  favorable  ones.  Apparently  many  species  were  excluded 
from  some  habitats  because  of  one  or  more  limiting  factors,  and 
possibly  because  of  insufficient  competitive  capacity  when  grow- 
ing in  environments  near  the  limits  of  their  ecological  amplitude. 
Although  grasses  were  usually  dominant,  66  to  80  per  cent  of  the 
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total  number  of  species  in  each  community  were  usually  forbs. 
The  great  variety  of  species  in  some  stands,  86  in  the  Andropogon 
gerardi  prairie  type,  was  possible  because  the  resources  of  the 
habitat  were  ample  and  because  differences  in  life-form  and  sea- 
son of  maximum  needs  made  association  of  diverse  species 
possible.  When  the  number  of  species  was  very  low,  as  12  per 
stand — averaging  only  3.7  per  square  meter — it  seems  that  more 
kinds  could  not  grow  because  their  requirements  could  not  be  pro- 
vided by  the  habitat.  These  results  support  a  probable  rule  that 
diversity  of  species  and  productivity  are  related  to  favorableness 
of  environmental  conditions,  and  the  greater  the  number  and 
diversity  of  species  the  greater  will  be  the  number  and  kinds  of 
interrelations  (reactions  and  coactions). 

In  alpine  communities  in  the  Arctic  and  Subarctic  the  same 
species  often  occur  in  many  different  communities,  but  the  pro- 
portions of  the  various  species  change  from  one  community 
to  another.  In  one  type  of  community  one  species  is  dominant, 
in  a  second  type  another  is  dominant,  but  the  first  species  may 
also  be  present.  The  vegetation  is  not  at  all  a  chaotic  assemblage. 
Similarly  in  grasslands  in  the  Great  Plains,  blue  gramagrass 
{Bouteloua  gracilis)  and  western  wheatgrass  {Agropyron  smithii)  may 
both  be  present  in  two  community  types,  but  the  former  is  dom- 
inant in  one,  the  latter  in  the  other  because  of  soil  differences, 
which  may,  however,  cause  only  a  slight  change  in  the  habitat  as 
a  whole.  Even  with  a  low  number  of  species  per  stand  many 
kinds  of  communities  can  be  formed.  For  example,  on  the  Cor- 
nish serpentine,  only  ten  species  were  found  to  play  an  important 
part  in  determining  the  physiognomy  and  structure  of  the  heaths 
as  a  whole,  although  1023  combinations  of  them  are  possible. 
However,  only  four  heaths  are  of  cardinal  ecological  significance 
in  this  region,  namely,  Festuca  ovina-Calluna  vulgaris  (rock  heath). 
Erica  vagans-Ulex  europaeus  (mixed  heath).  Erica  vagans-Schoenus 
nigricans  (tall  heath),  and  Agrostis  setacea  (short  heath). ^i 

Six  community  types  were  recognized  in  the  aspen  groveland 
mosaic  in  Glacier  County,  Montana,  on  the  basis  of  frequency, 
vitality,  constancy,  presence  of  species,  and  the  age  and  height 
of  the  trees. '3^  The  endless  number  of  variations  of  stands  in  the 
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conifer-dominated  forests  of  northern  Idaho  and  adjacent  Wash- 
ington have  been  classified  into  13  climax  associations  in  four 
vegetation  zones,  each  characterized  by  a  particular  combination 
of  vascular  plant  unions  ("union"  being  defined  as  "a  group  of 
plants  exhibiting  ecologic  similarity  throughout  a  particular 
vegetation  matrix").  The  vegetation  consists  of  broad  expanses 
with  a  low  degree  of  variation,  separated  by  narrow  strips — but 
not  as  a  continuum  with  pronounced  gradients  extending  in  all 
directions,  nor  as  sharply  defined  discontinuities  in  the  distribu- 
tion of  species. ^^  In  grasslands  in  western  Canada,  dominance, 
distribution  of  subdominants,  and  basal  cover  were  mostly  used 
in  determining  groupings.^'' 

Important  factors  in  causing  the  differential  groupings  of 
species  into  two  major  groups  in  an  area  in  the  lower  foothills  in 
northern  Colorado  appear  to  be  deposition  versus  erosion,  and 
differences  in  the  gravel  content  in  the  0-  to  6-in.  soil  horizon. '°^ 
The  grouping  on  sites  which  showed  evidence  of  deposition,  with 
the  gravel  content  averaging  2.2  per  cent,  consisted  of  the  domi- 
nants Agropyron  smithii,  Bouteloua  gracilis,  and  Bromus  tectorum  and 
a  limited  number  of  associates,  averaging  1 1.2  species  per  stand. 
The  groupings  in  the  other  major  group  were  the  dominants  (a) 
Stipa  comata,  Bouteloua  gracilis,  and  B.  curtipendula  with  28.7  species 
per  stand;  (b)  Andropogon  scoparius  with  35  species  per  stand;  and 
(c)  B.  gracilis  and  Artemisia  dracunculus  ssp.  glauca  with  21.6 
species  per  stand.  The  gravel  content  averaged  33.0,  21.2,  and 
15.6  per  cent,  respectively,  in  this  group,  with  evidence  of  slight 
to  moderate  erosion.  The  grouping  of  species  in  the  Agropyron- 
Bouteloua- Bromus  community  appears  to  be  related  more  to  soil 
characteristics  of  the  habitat  than  to  interrelations  of  species,  and 
the  paucity  of  constants  and  the  low  number  of  species  appear 
to  be  caused  partly  by  the  compactness  of  the  soil,  which  hinders 
penetration  of  water.  Many  species  of  the  other  three  commun- 
ities do  not  occur  in  this  one  because  adequate  relations  with  the 
particular  environmental  conditions  cannot  apparently  be  estab- 
lished, but  these  three  dominants  are  well  adapted  to  utilize  the 
resources  present  in  this  habitat,  although  they  are  more  limited 
here  than  in  the  other  three.  However,  in  some  years,  when  the 
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soil  moisture  is  low  in  the  spring  although  ample  later  in  the  sea- 
son, Bromus  tectorum  cannot  germinate  and  grow  well,  with  result- 
ing reduction  in  abundance  and  height;  but  Agropyron  smithii  and 
Bouteloua  gracilis  are  able  to  use  the  moisture  that  comes  in  later 
rains  and  therefore  grow  much  better  in  the  absence  of  severe 
competition  with  Bromus  tectorum.  It  has  been  found  that  the 
germination  of  B.  tectorum  seeds  is  retarded  by  certain  tempera- 
ture conditions,'  ^2  which  may  be  a  limiting  factor  in  certain  years 
for  this  bromegrass  in  this  community. 
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ART        T  ^ir  O 


OF  THE  CO^nCUNITir 


The  characteristics  of  a  community  may  be  conveniently  classi- 
fied into  two  main  groups,  analytic  and  synthetic.  The  analytic 
group,  to  be  discussed  in  this  chapter,  includes  qualitative  charac- 
teristics, which  are  usually  described  because  of  the  greater  diffi- 
culty in  measuring  them,  and  quantitative  ones,  which  can  be 
readily  measured.  These  characteristics  are  as  follows: 

(1)   Qualitative 

(a)  Kinds  of  species  in  the  community  (floristic  com- 

position) 

(b)  Stratification  (of  organisms,  or  their  parts,  above  or 

below  ground) 

(c)  Periodicity  (phenology,  aspection) 

(d)  Vitality  (vigor) 

(e)  Life-form  (vegetation-,  habitat-,  and  growth-form) 
(/)   Sociability  (gregariousness) 

{g)   Association  of  species  (interspecific  association) 
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(2)   Quantitative 

(a)  Population  density  (number  of  individuals,  abund- 

ance) 

(b)  Cover  (area  occupied) 

(c)  Height  of  plants 

(d)  Weight  of  plants 

(e)  Volume  occupied  by  plants 
(/)   Frequency 

QUALITATIVE  CHARACTERISTICS 

Kinds  of  Species  Occurring  in  the  Community  (Floristic  Composition) 

A  complete  list  of  species  is  the  most  essential  characteristic  of 
a  stand,  and  the  making  of  such  a  list  is  the  first  step  in  its  study. 
In  practice  it  is  impossible  to  name  all  the  organisms  in  a  bio- 
cenose,  so  botanists  usually  name  only  the  vascular  plants,  but  it 
is  essential  to  include  the  cryptophytes,  especially  lichens  and 
mosses,  in  many  communities,  particularly  in  arctic  and  alpine  re- 
gions. In  order  to  secure  a  complete  list,  inspection  and  collecting 
throughout  the  growing  season  are  required  so  that  all  species 
appearing  in  different  seasons  will  be  included.  The  plants  need 
to  be  correctly  named,  which  often  requires  the  aid  of  a  compe- 
tent, systematic  botanist,  and  herbarium  specimens  prepared  for 
future  reference  and  as  vouchers.  In  areas  where  little  ecological 
work  has  been  done,  or  where  time  does  not  permit  detailed 
study,  lists  accompanied  by  accurate  descriptions  of  the  whole 
area  may  be  of  more  value  than  detailed  records  in  only  one  or  a 
few  localities. 

Floristic  lists  are  valuable  for  characterization  because  each 
species  has  its  own  range  of  ecological  amplitude  (Figure  3-1). 
Each  one  has  its  particular  relationships  to  the  environment  and 
to  other  species,  so  the  total  number  of  species,  as  well  as  the 
average  number  per  sample  area  in  each  stand,  tell  much  about 
the  conditions  of  the  habitat.  For  example,  36  species  were  pres- 
ent in  a  certain  number  of  nongrazed  sample  areas  in  virgin  tall- 
grass  prairie  in  central  Oklahoma,  while  64  species  were  found 
in  the  same  number  of  sample  areas  in  the  grazed  part,  indicat- 
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Figure  3-1.  The  kinds  of  species  and  life-forms  are  numerous 
and  varied  in  some  desert  communities,  growing  in  the 
summer  or  the  winter  rainy  periods  in  the  southwestern 
United  States.  The  saguaro  (Carnegiea  gigantea)  has  fair 
frequency.  Superstition  Mountains  in  background.  Arizona. 
(U.S.D.A.  Soil  Conservation  Service.) 


ing  that  a  decrease  in  the  abundance  of  dominant  prairie  plants 
and  a  lessening  of  their  competitive  capacity  had  permitted  many 
invaders  to  become  established.  In  60  sq  m  of  a  western  wheat- 
grass  range  under  deferred  and  rotation  grazing  in  Colorado,  75 
species  were  present,  while  in  the  adjoining  continuously  grazed 
pasture  76  were  found  in  the  same  number  of  quadrats.  The  dif- 
ference in  grazing  intensity  evidently  was  not  as  great  between 
the  two  pastures  in  Colorado  as  between  the  grazed  and  non- 
grazed  prairie  areas  in  Oklahoma.  Although  all  the  species  in  a 
stand  are  significant,  a  single  species  is  often  used  in  naming  a 
vegetation  type  because  of  its  abundance  or  dominance — such 
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as  creosote  bush  (Larrea  dwancata)  in  Arizona  deserts.  However, 
the  use  of  additional  species,  at  least  the  chief  dominants  of  the 
various  layers,  is  preferable. 

Often  in  descriptions  of  vegetation  only  the  more  abundant, 
dominant,  or  "most  important"  species  are  listed,  and  only  the 
number  instead  of  the  names  of  "unimportant"  species  is  given, 
even  though  the  plants  in  the  latter  group  may  make  up  a  con- 
siderable proportion  of  the  vegetation.  It  is  essential  scientifically 
and  more  useful  practically,  to  include  all  species,  because  some 
which  appear  insignificant  at  the  time  of  the  investigation  may 
indicate  conditions  that  existed  at  an  earlier  time  but  are  not  pres- 
ent now;  or  they  may  indicate,  as  "prediction  species,"  a  future 
trend.  Complete  lists  furnish  material  for,  and  are  frequently 
used  by,  later  investigators  in  ways  not  considered  by  the  original 
worker.  All  species  play  some  part  in  a  stand,  and  no  investigator 
has  the  right  to  presume  unimportance  in  Nature;  for  example, 
the  cutleaf  violet  ( Viola  pedatifida)  is  considered  one  of  the  best  in- 
dicators of  tallgrass  prairie  conditions  in  Iowa,  although  it  is 
inconspicuous  and  has  little  or  no  forage  value  compared  to  the 
tall  bunch  grasses.' 

Other  small  plants  often  appearing  insignificant,  such  as  mosses 
and  lichens  in  the  Arctic  and  Subarctic  (see  Figure  2-1),  have 
narrow  but  different  ranges  of  amplitude,  so  they  are  particularly 
valuable  as  indicators  of  soil  and  microclimatic  conditions,  of 
overgrazing  by  reindeer  or  caribou,  or  of  successional  status. 
Herbaceous  forest  plants,  although  often  inconspicuous,  are  more 
delicate  indicators  of  soil  conditions  than  trees,  and  have  been 
used  in  the  delimitation  of  communities.^^  In  rich  mesophytic 
forests  in  the  eastern  United  States,  mull  humus  supports  a  lux- 
uriant herbaceous  flora  including  Viola  canadensis,  V.  palmata, 
Phacelia  bipinnatifida,  Disporum  lanuginosum,  and  several  ferns; 
while  mor  humus,  especially  characteristic  of  coniferous  forests, 
has  a  different,  sparse  flora  including  Lycopodium  spp.,  Cornus  cana- 
densis, Maianthemum  canadense,  and  Trillium  undulatum.'^^  Another 
example  of  the  importance  of  the  so-called  "insignificant"  species 
is  seen  in  southern  Arizona,  where  minor  grasses  of  the  mesa- 
range  type,  although  each  one  makes  up  less  than  1  per  cent  of 
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Figure  3-2.  A  conspicuous  layer  is  formed  by  the  flowering 
dogwood  (Comus  florida)  in  the  deciduous  forest,  occurring 
from  Maine  to  northeastern  Mexico;  a  pronounced  spring 
aspect.  May  10,  1957,  near  Chester,  New  Jersey.  (U.S.D.A. 
Soil  Conservation  Service.) 


the  stand,  are  important  economically  because  in  the  aggregate 
they  form  10  per  cent  of  the  total  grass  cover  on  conservatively 
grazed  ranges,  and  as  the  grassland  improves  they  become  more 
numerous. ^^  These  species  (characteristic  species  of  Braun- 
Blanquet)  may  also  be  important  in  delimiting  and  describing 
plant  communities.^ '^^ss  These  various  examples  illustrate  the 
importance  of  finding  and  recording  all  species  in  a  stand,  for  the 
absence  of  some  and  the  presence  of  others  may  indicate  present 
conditions  and  future  trends. 

A  decline  in  the  number  of  species  from  one  area  to  another 
may  indicate  increasingly  adverse  conditions.  For  example,  the 
number  of  species  in  xeric  grasslands  in  Colorado  changes  greatly 
with  increasing  elevation;  160  species  were  found  in  the  moun- 
tain front  at  5300  ft,  139  in  the  foothills  at  7500  ft,  130  in  the 
upper  foothills  at  8400  ft,  and  only  50  in  the  subalpine  zone  at 
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11,500  ft.*^^  In  the  Andropogon  scoparius  grassland  on  the  Hemp- 
stead Plains,  Long  Island,  71  species  were  recorded, ^^  while  in 
western  North  Dakota,  where  a  similar  community  type  is  usually 
restricted  to  north-facing  slopes,  the  average  number  per  stand 
was  only  50.^°^  Similarly,  many  alpine  communities  in  central 
Europe  have  more  species  than  those  in  Scandinavia.  The  mere 
listing  of  species  without  data  on  relative  abundance,  however, 
may  be  misleading,  for  some  species  often  occur  in  different  pro- 
portions in  various  communities,  particularly  in  the  Arctic  and 
Subarctic.  Even  though  the  number  of  species  per  stand  is  as  low 
as  12  to  20,  the  number  of  kinds  of  communities  that  can  develop 
is  enormous. 

Stratification 

Stratification,  or  layering,  is  the  occurrence  of  organisms,  or 
their  parts,  at  different  levels  in  a  stand.  Stratification  is  readily 
seen  above  ground,  but  is  present  also  in  the  unseen  root  systems 
and  rhizomes.  Stratification  usually  occurs  because  life-forms 
such  as  trees,  shrubs,  herbs,  and  mosses  differ  in  their  require- 
ments and  amplitudes,  and  therefore  grow  at  various  levels  which 
differ  in  light  intensity,  temperature,  moisture  conditions,  organic 
content  of  the  soil,  and  other  factors  (Figures  2-1  and  3-2). 

The  number  of  strata  above  ground  vary  according  to  the  kind 
of  community.  In  early  stages  of  succession  usually  only  one 
stratum  is  present,  comprising  such  plants  as  lichens,  mosses,  or 
annual  herbs;  but  as  succession  proceeds  additional  strata  appear, 
so  that  in  a  mature  grassland  there  may  be  three  strata,  the  two 
highest  comprising  grasses  and  forbs,  and  the  lowest  short  herbs, 
mosses,  lichens,  and  occasionally  algae.  Five  to  seven  strata  may 
be  found  in  forests:  two  or  three  of  trees,  one  or  two  of  shrubs,  an 
herb  or  field  layer,  and  a  ground  or  moss-lichen  layer  (Figures 
1-2  and  1-16).  Occasional  trees  that  project  above  the  general 
canopy  are  called  emergent  or  supercanopy  trees.  The  chief 
layer  in  savannas  is  the  field  layer  of  herbs  or  sometimes  low 
shrubs;  the  scattered  trees  or  tall  shrubs  hardly  form  a  layer. 

Stratification  is  well  developed  in  tropical  rain  forests.  For  ex- 
ample, in  Nigeria  the  top  tree  layer  at  120  to  150  ft  consists  of 
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relatively  few  species  with  wide-spreading,  umbrella-shaped 
crowns  as  much  as  80  ft  in  diameter  that  do  not  touch  one  an- 
other. The  middle  layer  at  50  to  120  ft  contains  many  species 
with  small,  rounded  crowns  up  to  33  ft  in  diameter  that  occasion- 
ally come  into  contact.  The  lowest  stratum,  as  high  as  50  feet,  is 
limited  in  the  number  of  trees  that  are  restricted  to  this  level,  but 
contains  many  young  individuals  belonging  to  species  character- 
istic of  the  two  upper  layers.  The  crowns  are  often  small  and 
conical  with  larger  leaves  than  the  taller  trees,  and  they  form  a 
closed  canopy  bound  together  by  climbing  plants.  The  shrub 
layer,  containing  mostly  young  trees  and  a  few  shrubs,  is  poorly 
defined.  The  herb  layer,  not  over  3  ft  high,  is  even  more  poorly 
deliniated  and  in  places  is  missing.  The  ground  layer  is  missing 
entirely.^ ''° 

In  the  Mixed  Mesophytic  Forest  region  of  the  Cumberland 
Mountains,  and  in  the  southern  Allegheny  Mountains  and  adja- 
cent territory,  the  top  layer  of  trees  varies  in  composition  in  dif- 
ferent areas.  The  dominants  in  this  region  total  about  25  species 
and  include  the  beech  (Fagus  grandifolia),  tulip  tree  {Linodendron 
tulipifera),  basswood  {Tilia  heterophylla,  T.  Jlondana,  T.  neglecta), 
sugar  maple  {Acer  saccharum),  sweet  buckeye  {Aesculus  octandra), 
and  white  oak  {Quercus  alba).  In  the  lower  tree  layer  are  found 
dogwood  {Comus florida),  magnolia  {Magnolia  tripetala,  M.  macro- 
phylla),  redbud  {Cercis  canadensis),  blue  beech  {Carpinus  caroliniana), 
hornbeam  {Ostrya  virginiana),  holly  {Ilex  opaca),  striped  maple  {Acer 
pennsylvanicum),  and  others.  Many  species  are  found  in  the  shrub 
layer,  such  as  Lindera  benzoin,  Hamamelis  virginiana,  Asimina  triloba, 
Hydrangea  arborescens,  and  Cornus  alternifolia.  The  field  layer  is  very 
rich  in  herbs  which  are  favored  by  the  mull  humus  developed 
from  leaf  litter  of  the  trees,  and  the  spring  aspect  is  noted  for 
conspicuous  flowering  plants  such  as  Trillium  grandiflorum,  T.  erec- 
tum,  Viola  spp.,  Sanguinaria  canadensis,  and  Erythromum  americanum. 
In  late  summer  and  autumn,  the  fall  asters  {Aster  cordifolius,  A. 
divaricatus)  and  goldenrods  {Solidago  caesia,  S.  lalifolia)  come  into 
bloom. 22 

Stratification  in  a  jack  pine  community  in  Quebec,  a  stage  fol- 
lowing a  forest  fire,  consists  of  four  layers.  The  upper  layer 
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of  trees,  10  to  35  ft  high  and  about  25  ft  apart,  comprises  chiefly 
Pinus  banksiana,  and  a  few  Betula  papyrifera  var.  cordifolia  and  Picea 
mariana.  The  second  stratum  has  the  same  kinds  of  trees,  3  to  10  ft 
high  and  10  to  25  ft  apart;  and  the  third  consists  mostly  of  Comp- 
tonia  peregrina  and  scattered  Pteridium  aquilinum  ssp.  latiuscula,  Vac- 
cinium  canadense,  and  Solidago  puberula,  1  to  3  ft  high  and  less  than 
2  ft  apart.  The  fourth  layer,  6  to  12  in.  high,  is  made  up  chiefly 
of  clumps  of  Gaultheria  procumbens  and  Lycopodium  tristachyum,  about 
1  ft  in  diameter  and  6  ft  apart. ^^ 

In  the  primeval  spruce  forest  in  the  Medicine  Bow  Mountains 
of  Wyoming,  the  canopy  layer  comprises  the  Engelmann  spruce 
{Picea  engelmanni)  and  subalpine  fir  {Abies  lasiocarpa),  the  latter 
being  more  numerous.  The  second  tree  layer  is  represented  only 
by  scattered  spruce  and  fir  trees  which  do  not  penetrate  the 
canopy.  The  shrub  layer,  2  to  3  ft  high,  is  poorly  developed,  and 
the  field  layer  has  about  20  species  of  herbs  and  one  low  shrub, 
Vaccinium  scoparium,  less  than  2  ft  high.  This  shrub  is  especially 
significant  because  tree  seedlings  are  seldom  found  in  its  dense 
clumps.  Mosses  and  lichens  make  up  the  ground  layer. ^^^ 

Grassland  in  good  condition  often  shows  well  developed  strati- 
fication, as  exemplified  by  the  gramagrass-needlegrass-sedge 
grassland  in  western  North  Dakota,  in  which  the  uppermost 
layer  consists  ofStipa  comata  and  a  few  scattered  forbs.  The  second 
layer  is  a  mixture  that  includes  Agropyron  smithii,  Carex  stenophylla, 
Koeleria  cristata,  and  Calamagrostis  montanensis.  The  lowest  layer  is 
represented  by  the  mat-forming  grasses,  Bouteloua  gracilis  and  Carex 
Jilifolia,  and  by  low  forbs  such  as  Plantago  purshii  and  Hedeoma 
hispida.  Another  layer  of  clubmosses  and  lichens  may  occur  in 
places.  ^°^ 

The  composition  of  the  vegetation  in  each  layer  may  vary  from 
place  to  place  so  that  distinct  groups  of  plants  similar  in  life-form, 
called  synusiae,  or  unions^^  are  recognizable.  Examples  of 
synusiae  are  stands  of  Polytrichum  moss  in  the  ground  layer  of  an 
open  oak  forest  and  a  stand  of  Vaccinium  sp.  in  the  low  shrub  layer  of 
a  pine  woods.  Different  synusiae  may  appear  in  the  same  layer  at 
various  seasons  of  the  year,  for  example,  mosses  and  lichens  may 
form  winter  synusiae  and  Antennaria  sp.  summer  synusiae  in  Andro- 
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pogon  stands  in  eastern  Maryland.  They  should  always  be  con- 
sidered as  part  of  the  stand  as  a  whole,  instead  of  as  independent 
units,  because  numerous  interactions  take  place  between  many 
organisms  in  the  different  layers.  All  the  synusiae  and  layers  are 
closely  integrated  with  the  entire  stand. 

Plants  in  the  lower  strata  may  increase  in  size  and  number 
when  those  in  the  upper  stratum  are  removed  by  grazing  or  mow- 
ing. For  example,  in  ungrazed  prairie  in  Missouri  the  short 
Antennaria  neglecta  and  Viola  sagittata  made  up  1  to  4,  and  0.4,  per 
cent  of  the  stand,  respectively,  while  in  the  grazed  and  mowed 
prairie  they  made  up  9.3  and  3.1  per  cent  respectively.  Other 
components  of  the  lowest  stratum,  Trifolium  pratense,  T.  repens, 
and  Oxalis  stricta,  were  also  abundant  in  the  latter.  ^^  Big  sage- 
brush {Artemisia  tridentata)  suppresses  all  plants  in  the  stand  when 
its  crowns  cover  about  40  per  cent  of  the  ground,'"  but  when  it 
has  been  destroyed  by  burning,  uprooting,  or  spraying  with  an 
herbicide,  the  plants  in  the  field  layer  usually  flourish  and  pro- 
vide much  forage. 

Layering  of  root  systems  may  be  caused  by  various  factors,  such 
as  differences  in  moisture  content  of  the  soil  and  the  concentra- 
tion of  salts  at  various  depths.  This  is  common  in  many  parts  of 
the  western  United  States.  For  example,  in  the  vicinity  of  Mil- 
ford,  Utah,  three  layers  were  evident:  (1)  the  uppermost  layer, 
to  a  depth  of  30  to  45  cm,  with  a  salt  concentration  of  less  than 
1000  ppm  (bridge  method)  in  which  the  roots  of  Bouteloua  gracilis, 
Hilariajamesii,  and  Sporobolus  cryptandrus  were  restricted;  (2)  an  in- 
termediate layer,  at  between  40  and  65  cm,  where  the  salt  con- 
tent was  over  1000  ppm  and  in  which  were  found  some  of  the 
larger  roots  of  Atriplex  confertifolia,  Chrysothamnus  stenophyllus,  and 
Eurotia  lanata;  and  (3)  the  lowest  layer,  at  80  to  90  cm,  where  the 
soil  was  more  porous  and  contained  less  salt,  and  where  roots  of 
Artemisia  tridentata  and  Grayia  spinosa  were  found. '^^ 

Periodicity  (Phenology,  Aspection) 

Periodicity  refers  to  the  regular  seasonal  occurrence  of  various 
processes  such  as  photosynthesis,  growth,  pollination,  flower- 
ing, and  ripening  of  fruits  and  seeds;  and  the  manifestations  of 
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Chart  3.  Phenological  events  in  the  annual  growth  of  mountain  bromegrass 
{Bromus  carinatus)  in  Ephraim  Canyon,  Wasatch  Mountains,  Utah,  during 
the  four  years:  (A)  1932;  (B)  1933;  (C)  1934;  (D)  1935.  (After  McCarty,  E.  C. 
(138A),  "The  Relation  of  Growth  to  the  Varying  Carbohydrate  Content  in 
Mountain  Brome,"  Figure  3,  U.  S.  Dept.  Agric.  Tech.  Bull,  No.  598,  1-24 
(1938).) 


these  processes,  such  as  formation  of  leaves,  elongation  of  shoots, 
appearance  of  flowers,  and  dissemination  of  seeds  (see  Chart  3). 
Periodicity  results  from  inherent  genetic  characteristics  of  each 
species  under  the  influence  of  a  particular  combination  of  en- 
vironmental conditions.  Periodicity  means  particularly  the  re- 
currence at  certain  times  of  these  processes  and  their  manifesta- 
tions, while  phenology  refers  more  to  the  appearance  of  the 
manifestations  at  certain  seasons  of  the  year  (Figure  3-2),  rather 
than  to  their  cyclic  nature.  Aspection  is  the  appearance  or 
aspect  of  the  community  as  a  whole  at  different  seasons.  Perio- 
dicity is  a  strongly  fixed  character  in  plants,  for  even  in  portions 
of  the  Tropics  where  great  uniformity  in  climate  prevails,  it  is  ap- 
parent in  the  fall  of  leaves  at  certain  intervals  and  also  in  periods 
of  intensive  growth  followed  by  dormancy. 

Periodicity  is  not  readily  altered  even  though  climatic  condi- 
tions change.  Correspondence  in  climatic  and  life-cycle  periodic- 
ities indicates  the  location  of  the  native  home  of  a  plant,  whereas 
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if  such  correspondence  is  lacking,  either  the  climate  has  changed 
or  the  plant  has  very  likely  been  transferred  from  its  original 
home.  For  example,  in  Czechoslovakia  the  autumn  crocus,  Col- 
chicum  autumnale,  a  native  of  the  Mediterranean  Region,  flowers 
in  the  autumn  and  ripens  fruit  in  the  spring,  contrary  to  the  be- 
havior of  its  associates  which  bloom  and  fruit  in  the  same  year. 
The  great  diversity  in  periodicity  among  species  in  the  present 
flora  of  Europe  can  be  explained  by  the  great  climatic  changes 
that  have  occurred  there,  accompanied  by  migrations  of  species. 
The  oaks,  Quercus  robur  and  Q.  sessiliflora,  and  the  beech,  Fagus 
sylvatica,  apparently  were  adapted  in  the  past  to  a  warmer  climate 
and  have  not  yet,  even  after  thousands  of  years,  become  adapted 
to  the  climatic  rhythm  of  their  present  environment.  This  lack  of 
complete  adaptation  is  revealed  in  the  abscission  layer  remain- 
ing alive  and  green  during  the  entire  winter,  and  in  the  falling 
of  their  leaves,  which  coincides  with  the  development  of  new  leaf- 
buds,  similar  to  the  habit  of  the  evergreen  broad-leaved 
species.  Plants  which  do  not  pass  through  a  full  cycle  of  develop- 
ment, or  a  normal  development,  indicate  that  they  originated  in 
some  other  kind  of  community  than  the  one  of  which  they  now 
form  a  part,  as  exemplified  by  the  failure  to  flower  of  Caltha 
palustris  in  a  dry  meadow,  or  the  failure  of  Vaccinium  uliginosum  to 
flower  and  fruit  in  Novaya  Zemlya. 

Most  communities  have  a  definite  aspect  at  diflferent  seasons 
of  the  year.  The  chief  aspects  are  the  prevernal,  or  early  spring; 
the  vernal,  or  spring;  the  aestival,  or  summer;  the  serotinal,  or 
autumn;  and  the  hiemal  or  hibernal,  winter.  It  is  interesting  to 
keep  records  of  phenological  events  such  as  the  dates  of  appear- 
ance of  certain  kinds  of  seedlings  in  various  years,  the  inception 
of  growth  of  perennials,  the  opening  of  leaf  and  flower  buds  on 
certain  trees,  the  full  expansion  of  the  leaves,  and  the  appear- 
ance of  first  flowers,  first  ripe  fruits,  last  flowers,  and  the  comple- 
tion of  the  dissemination  of  the  fruits  or  seeds.  Each  species  and 
each  stage  has  its  own  specific  rate  of  development  and  growth. 
These  physiological  phenomena  have  practical  value  in  integrat- 
ing many  environmental  factors,  and  can  then  be  used  to  pre- 
dict the  time  of  harvest,  when  a  range  is  ready  for  grazing,  and 
other  practices. 
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Environmental  factors  have  great  influence  on  phenological 
behavior.  For  example,  in  the  southern  Arizona  desert  (Figures 
1-12  and  3-1)  plants  begin  to  grow  as  soon  as  the  temperature  is 
high  enough  in  late  winter  or  spring,  and  if  there  is  enough  mois- 
ture the  desert  blooms  with  the  yellow  flowers  of  Mexican  poppy 
(Eschscholtzia  neomexicana),  pink  penstemon  (Penstemon  parryi),  blue 
lupines  {Lupinus  spp.),  yellow  bladder-pod  {Lesquerella  gordoni), 
asters  (Aster  spp.),  mariposa  lily  {Calochortus  aureus),  mustards,  and 
many  others.  Outstanding  forage  plants  at  this  season  are  Indian 
wheat  {Plantago  argyrea)  and  alfilaria  {Erodium  cicutarium),  the  lat- 
ter a  native  of  the  Mediterranean  Region.  Growth  ceases  for 
these  plants,  many  of  which  have  shallow  roots,  when  the  April- 
June  drought  period  sets  in.  The  July  rains  bring  on  the  growth 
of  summer  annuals  and  many  perennials,  including  the  annuals, 
six-weeks  grama  {Bouteloua  barbata)  and  needle  grama  {B.  aristi- 
doides),  which  take  the  place  of  Indian  wheat  and  alfilaria  as 
forage  plants.''^ 

Phenologic  events  may  vary  considerably  in  time  of  occurrence 
from  year  to  year.  Over  a  period  of  10  years  in  southern  Idaho  the 
date  of  inception  of  growth  varied  from  March  20  to  April  24, 
growth  of  herbage  to  a  height  of  6  in.  fluctuated  between  April 
26  and  June  1,  and  formation  of  seeds,  from  May  12  to  July  10.^^ 
In  the  Wasatch  Plateau  in  Utah  inception  of  growth  varied  as 
much  as  45  days  in  various  years,  and  a  height  growth  of  6  to  8 
in.  of  the  chief  grasses — the  height  considered  suitable  for  the  in- 
itiation of  the  grazing  season — varied  as  much  as  47  days.^^ 
Altitude  also  influences  phenologic  behavior,  as  seen  again  in  the 
Wasatch  Mountains,  where  the  rate  of  development  of  plant 
growth  was  delayed  10  to  14  days  for  each  increase  of  1000  ft.^^ 

Phenologic  behavior  influences  competition  and  association  of 
species.  The  occurrence  of  vegetative  growth,  flowering,  and  fruit- 
ing at  different  seasons,  or  only  slight  overlapping  of  these  activ- 
ities, often  reduces  the  intensity  of  competition  and  favors 
association.  For  example,  Agropyron  spp.,  Poa  spp.,  and  Bromus 
tectorum  start  growth  and  mature  earlier  than  Bouteloua  gracilis, 
with  resulting  reduction  in  competition,  because  the  last  has  a 
higher  threshold  for  inception  of  growth  and  a  greater  heat  re- 
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Figure  3-3.  A  late  summer  aspect  of  an  almost  pure  stand 
of  tobosa  grass  {Hilaria  mutica)  in  Graham  County,  Arizona, 
showing  good  response  to  summer  rains.  Density,  height, 
herbage  cover,  and  weight  indicate  excellent  cover  of  the 
grass.  Savanna  type  with  scattered  mesquite  trees  in  the 
background;  overgrazing,  however,  alters  it  to  woodland. 
(U.  S.  Forest  Service.) 

quirement.  A  long  growing  season  with  ample  soil  moisture 
throughout  is  conducive  to  the  formation  of  a  community  rich  in 
species  because  great  opportunity  is  provided  for  their  growth  at 
different  times.  The  prairie,  rich  in  habitat  resources,  therefore, 
can  support  a  large  number  of  species,  in  contrast  to  the  habitats 
of  shortgrass  vegetation,  which  are  deficient,  especially  in  soil 
moisture. 

Phenological  events  are  usually  well  coordinated  with  environ- 
mental conditions  in  a  community  in  the  final  stage  of  succession 
(Figure  3-3).  Such  a  community  uses  so  fully  the  resources  of  the 
habitat  that  it  may  be  considered  closed  or  saturated,  so  that  other 
species  cannot  invade;  in  fact,  many  of  the  species  within  it  can- 
not survive  unless  their  main  periods  of  growth,  blooming,  and 
other  activities,  do  not  coincide.  Even  then,  competition  within 
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a  community  may  become  so  severe  that  a  species  may  survive 
only  in  an  area  outside  of  its  optimum  range,  where  competition 
is  reduced  because  it  grows  in  a  different  season  from  most  of  the 
plants  in  that  community.^^^ 

It  may  be  concluded  that  the  various  expressions  of  periodicity 
and  phenology  of  plants  are  means  of  adaptation  to  seasonal 
changes  in  the  physical  environment.  Usually,  in  order  to  live  in 
a  given  location,  the  plant  must  make  full  use  of  the  favorable 
environmental  periods  and  endure  or  tolerate,  by  one  means  or 
another,  the  unfavorable  periods. 

Vitality  (Vigor) 

Vitality  relates  to  the  condition  of  a  plant  and  its  capacity  to 
complete  the  life  cycle,  while  vigor  refers  more  specifically  to  the 
state  of  health  or  development  within  a  certain  stage;  a  seedling 
or  mature  plant  may  be  vigorous,  or  it  may  be  feeble  and  poorly 
developed  (Figures  1-2,  1-19,  1-26).  In  order  to  appraise  the  de- 
gree of  vigor  one  needs  to  know  the  appearance  of  normal  plants, 
preferably  under  optimum  conditions,  in  the  various  stages  of 
growth.  The  vigor  of  species  that  are  represented  by  only  a  few 
individuals  in  a  stand  often  merits  special  attention  because  they 
may  indicate  the  end  of  a  previous  stage  of  succession,  the  begin- 
ning of  a  new  stage,  a  change  in  conditions  such  as  an  increase 
or  decrease  in  soil  moisture,  attack  by  parasites,  or  some  kind  of 
harmful  grazing  practice.  One  of  the  first  signs  in  the  improve- 
ment of  a  depleted  grassland  in  the  annual  weed  stage  is  the  ap- 
pearance of  scattered,  newly  established,  vigorous  perennial  forbs 
and  grasses. 

A  number  of  criteria  may  be  used  in  determining  the  vigor  of 
plants  such  as  the  rate  and  total  amount  of  growth,  especially  in 
height;  rapidity  of  growth  renewal  in  the  spring  or  following 
mowing  or  grazing;  quantity  or  area  of  foliage;  color  and  tur- 
gidity  of  leaves  and  stems;  degree  of  damage  by  disease  or  in- 
sects; time  of  appearance  and  number  and  height  of  flower  stalks; 
rate  of  growth  and  extent  of  the  root  system;  appearance  and  de- 
velopment of  new  stems  and  leaves;  and  the  extent  of  dead  por- 
tions, especially  in  bunch-  or  mat-formers. 
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The  following  classification  of  vitality  has  been  widely 
used:  ^4  25 

Class  1 :  Well-developed  plants  which  regularly  complete  their 
life  cycles 

Class  2:  Vigorous  plants  which  usually  do  not  complete  their 
life  cycles  or  are  poorly  developed,  and  sparsely  dis- 
tributed plants  that  do  spread  vegetatively 

Class  3:  Feeble  plants  that  never  complete  their  life  cycles  but 
do  spread  vegetatively 

Class  4:  Plants  occasionally  appearing  from  seed  but  which 
do  not  increase  in  number,  such  as  ephemeral  plants 

As  an  example  of  the  use  of  this  classification,  the  species  in  an 
Andropogon  scoparius  stand  on  Long  Island  were  classified  as  fol- 
lows: 20  in  class  1,  3  in  class  2,  1  in  class  3,  and  2  in  class  4,  with 
two  remaining  unclassified.''^  The  large  number  of  species  in 
class  1  indicates  that  the  resources  of  this  site  were  very  good,  per- 
mitting the  functioning  of  many  interactions  without  serious 
handicap  from  competition.  When  a  species  is  not  growing  within 
its  range  of  ecological  amplitude,  or  when  the  competition  with 
other  plants  is  too  severe,  one  of  the  first  indications  is  the  failure 
to  bloom  and  fruit. 

The  vitality  and  vigor,  as  well  as  phenologic  behavior,  may  be 
used  to  differentiate  between  ecotypes.  For  example,  five  climatic 
ecotypes  o{ Deschampsia  caespitosa  ssp.  genuina,  all  morphologically 
similar  in  their  natural  environments,  were  grown  experimentally 
in  one  environment  where  they  differed  in  height  of  the  tallest 
stems,  number  of  flower  stalks,  diameter  of  the  clumps,  time  of 
flowering  and  fruiting,  and  susceptibility  to  frost  and  disease. ^^^ 
An  ecotype  growing  outside  of  its  natural  environment  will 
usually  not  be  so  vigorous  as  when  growing  within  it.  During  the 
course  of  evolution  the  habitat  requirements  of  ecotypes  appar- 
ently became  increasingly  exacting,  so  ecotypes,  rather  than 
species,  are  the  best  indicators  of  ecological  conditions.  Species 
of  wide  distribution  such  as  Andropogon  scoparius  and  Bouteloua 
curtipendula,  which  grow  in  a  variety  of  habitats,  are  often  repre- 
sented by  a  number  of  ecotypes  with  special  adaptations  enabling 
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them  to  grow  under  different  conditions  of  length  of  day,  tem- 
perature, and  soil  moisture;  but  Stipa  spartea  and  Elymus  canaden- 
sis apparently  respond  to  conditions  in  widely  separated  areas  not 
because  of  genetic  differences  among  the  plants  of  each,  but  be- 
cause of  the  wide  range  of  phenotypic  expression  of  the  same 
genotype.  ^'*°-''*^ 

Life-form  (Vegetation-form,  Hobitat-form,  Growth-form) 

By  life-form,  in  a  broad  sense,  is  meant  the  characteristic 
vegetative  appearance  such  as  the  size,  shape,  branching,  and  at 
times  the  histological  features  of  the  plant  body  and  its  longevity. 
In  a  restricted  sense  it  refers  to  the  forms  based  on  the  location 
of  the  overwintering  parts.  ^^^  The  life-form  of  a  species  is  caused 
primarily  by  its  genetic  constitution,  secondarily  by  the  environ- 
mental conditions.  Pronounced  changes  in  the  latter  may  cause 
great  alterations  in  life-form.  For  example,  the  longevity  of  many 
perennial  grasses  may  be  reduced,  as  when  rescuegrass  {Bromus 
catharticus),  a  4-  to  5-year  perennial  in  South  America,  was  intro- 
duced into  the  southern  United  States.  Here  it  became  a  winter 
annual,  and  when  introduced  into  northern  latitudes,  an  an- 
nual.201 

The  life-form  influences  the  economic  value  of  plants  in  vari- 
ous ways.  For  example,  strains  of  grasses  having  a  genetically 
determined  wide  leaf  to  stem  ratio  and  low  height,  are  preferred 
for  pastures  because  of  their  greater  nutritional  value.  The  Fair- 
way strain  of  crested  wheatgrass  {Agropyron  cnstatum),  much  used 
in  reseeding  range  land,  is  smaller,  more  decumbent,  and  finer- 
leaved  than  the  Standard  strain.  Prostrate  forms  of  legumes  are 
often  preferred  in  pastures  because  some  of  the  flowers  usually 
escape  grazing  and  produce  seeds.  These  examples  illustrate  that 
the  selection  of  suitable  life-forms  is  an  important  objective  in 
plant  breeding. 

All  the  species  in  a  simple  plant  community  may  belong  to  the 
same  life-form,  but  most  communities  have  several  to  many  (see 
Figures  2-5  and  3-1).  Grassland  stands  in  the  Great  Plains  include 
various  kinds  of  life-forms  such  as  perennial  rhizomatous  mat- 
formers  {Bouteloua  gracilis),  erect  rhizomatous  perennials  {Agropy- 
ron  smithii),    perennial    bunchgrasses    {Stipa   comata),   succulent 
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perennials  {Opuntia  spp.),  small  annuals  {Festuca  octoflora),  and 
various  short  and  tall  forbs.  The  kinds  of  life-forms,  the  number 
of  individuals  of  each  kind,  and  their  spacing  give  structure  to 
the  community. 

The  type  of  life-form  has  considerable  influence  on  the  asso- 
ciation of  species.  In  pastures  in  England,  grasses  are  less  favor- 
able means  of  infection  of  sheep  by  worms  than  red  and  white 
clovers  because  the  lower  blades  of  the  grasses  present  more  ob- 
stacles to  the  worm  when  it  is  climbing  up  from  the  ground  than 
the  straight  leafstalks  of  the  clovers.  A  stand  of  late-maturing 
grasses  often  provides  good  opportunity  for  the  growth  of  early- 
maturing  forbs.  Head  smut  {Ustilago  marginatus)  has  been  found 
to  be  more  prevalent  on  a  strain  of  Bromus  marginatus  character- 
ized by  early  maturity  and  moderate  leafiness,  and  less  prevalent 
on  a  late-maturing,  very  leafy  strain. 

The  general  appearance  of  a  community  is  caused  more  by  the 
life-form  of  the  most  abundant  or  dominant  species  than  by  any 
other  characteristic  of  the  vegetation  (Figure  1-16),  so  it  is  not 
surprising  that  it  has  been  used  very  widely  for  description.  Of 
the  many  classifications  that  have  been  proposed,  Raunkiaer's 
simple  system  1^^  is  the  most  widely  known  and  used.  It  is  based 
upon  the  overwintering  parts  or  the  location  of  organs  that  sur- 
vive summer  drought  or  other  unfavorable  conditions.  This 
classification,  as  modified  somewhat  by  Braun-Blanquet,^^  com- 
prises ten  main  classes,  as  follows: 

(1)  Phytoplankton:  Microscopic  plants  suspended  in  air, 
water,  or  on  snow 

(2)  Phytoedaphon:  Microscopic  soil  flora 

(3)  Endophytes:  Plants  living  wholly  or  partly  within  other 
plants,  as  algae  in  lichens,  or  parasites 

(4)  Therophytes:  Annuals,  including  algae,  fungi,  liverworts, 
mosses,  and  many  ferns  and  seed  plants  (Figure   1-7) 

(5)  Hydrophytes:  All  water  plants,  except  plankton,  with 
perennating  parts  submerged  in  water  during  unfavor- 
able periods 

(6)  Geophytes:  Plants  with  perennating  parts  buried  in  the 
substratum,  such  as  species  with  rhizomes  or  bulbs  (Fig- 
ure 2-5) 
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(7)  Hemicryptophytes:  Plants  with  perennial  shoots  and 
buds  close  to  the  surface,  often  covered  with  litter,  such 
as  bunchgrasses  and  many  forbs  (Figure  1-2) 

(8)  Chamaephytes:  Plants  with  buds  located  from  the 
ground  surface  to  25  cm  above  it,  such  as  buffalograss 
and  white  clover  (Figure  1-13) 

(9)  Phanerophytes:  Shrubs,  trees,  and  vines  with  buds 
located  on  upright  shoots  at  least  25  cm  above  the  sur- 
face (Figures  2-3  and  3-2) 

(10)   Epiphytes:  Plants  growing  on  other  plants  (Figure  1-25) 

Most  of  these  classes  have  been  subdivided. 

All  the  species  in  a  region  or  in  a  community  can  be  classified 
into  these  classes  and  the  ratio  expressed  in  numbers  or  percent- 
ages, forming  a  floristic  biological  spectrum.  This  classification 
is  very  useful  in  comparing  communities.  For  example,  grasslands 
are  usually  rich  in  hemicryptophytes,  tropical  deserts  in  thero- 
phytes,  and  arctic  and  alpine  regions  in  chamaephytes  and 
hemicryp*^ophytes.  In  comparing  communities,  however,  the 
number  of  species  is  less  satisfactory  as  a  basis  for  establishing  a 
vegetational  spectrum  than  frequency  points,  because  the  former 
is  based  on  the  mere  presence  of  the  species  in  a  community,  while 
the  frequency-point  spectrum  is  based  on  the  sum  of  the  fre- 
quencies in  each  of  the  life-form  classes.  Relative  cover  may  also 
be  used  in  determining  the  vegetational  spectrum.  The  advan- 
tage of  the  frequency  method  was  demonstrated  in  hardwood 
forests  in  Minnesota  where  Carex  pennsylvanica  occurred  in  94 
quadrats  out  of  a  total  of  100  in  10  stands,  and  since  it  is  a 
cryptophyte  it  contributed  94  points  to  this  class;  but  Clintonia 
borealis,  occurring  in  only  3  quadrats,  contributed  only  3  points 
to  the  total  of  97  points  in  this  class.  In  the  species-presence  list, 
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however,  each  species  contributed  one  point  each  in  the  total  of 
two.  Differences  between  the  two  methods  for  herbaceous 
phanerogams  are  shown  in  the  table  on  page  94.  The  fre- 
quency-point spectrum  in  this  region  emphasizes  the  impor- 
tance of  the  better-protected  life-form  classes  as  compared  to 
the  species-list  spectrum.  The  influence  of  the  drier,  more  con- 
tinental climate  in  Minnesota,  in  comparison  to  the  moister 
climate  in  the  mixed  mesophytic  forests  of  the  southern  Appa- 
lachians, can  also  be  shown. ^^ 

Habitat-forms  bear  the  impress  of  the  habitat,  such  as  cacti  in 
arid  climates  (Figure  3-1)  or  Elodea  submerged  in  water.  These 
forms  are  mainly  ecological  and  are  of  special  value  as  indicators 
of  environmental  conditions.  They  can  also  be  used  in  the  analysis 
and  characterization  of  communities,  but  have  not  been  used  ex- 
tensively. The  most  common  classification  contains  three  classes: 
hydrophytes,  which  include  submerged,  floating,  and  amphibious 
plants;  mesophytes,  which  include  sun  and  shade  plants;  and 
xerophytes,  which  may  be  divided  into  groups  on  the  basis  of 
ability  to  endure  drought.  Every  species  has  its  own  range  of 
ecological  amplitude,  so  by  knowing  the  kinds  of  species  that 
make  up  a  stand  one  can  evaluate  the  environmental  conditions 
to  a  considerable  degree.  For  instance,  a  stand  o{  Distichlis  stricta 
usually  indicates  a  higher  salt  content  and  a  shallower  water- 
table  than  a  stand  of  this  grass  intermixed  with  Agropyron  smithii, 
while  a  stand  of  the  latter  as  the  sole  dominant  indicates  little  or 
no  salt. 

The  detailed  classification  of  habitat-forms  by  Iverson'^'*  in- 
cludes four  main  divisions:  land,  swamp,  amphibious,  and  water 
plants.  The  land  plants  comprise  the  following  five  classes:  (1) 
seasonal  xerophytes,  as  Sedum  spp.,  which  have  shallow  root  sys- 
tems and  considerable  tolerance  to  endure  long  periods  without 
absorbing  water;  (2)  euxerophytes  with  well  developed  root  sys- 
tems but  which  wilt  quickly  when  absorption  of  water  ceases,  sub- 
divided into  four  subclasses;  (3)  hemixerophytes  with  poorer  root 
systems  which  also  wilt  quickly,  subdivided  into  four  subclasses; 
(4)  mesophytes  with  poor,  quick-wilting  root  systems;  and  (5) 
hygrophytes,  plants  of  wet  areas  such  as  the  marsh  marigold 
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{Caltha palustris).  This  classification  has  been  used  advantageously 
in  analyzing  many  plant  communities  (see  the  table  below). 


Euxerophytes, 

% 

■ 

Hemixerophytes, 

% 

Mesophytes, 

% 

Hygrophytes, 

% 

Deschampsia  caespi- 
tosa  wet  meadow 

Agrostis  tenuis  dry 
meadow 

0 

12 

33 

15 

48 
62 

19 
8 

Growth-form  (phenotypic-form)  refers  to  the  development  of 
plants  of  the  same  species  under  different  environmental  condi- 
tions. In  abandoned  fields  in  the  Great  Plains,  Russian  thistle 
{Salsola  kali)  may  be  2  ft  high,  while  in  adjacent  grasslands  the 
tallest  plants  are  only  an  inch  or  two  in  height  because  of  their 
inability  to  compete  with  the  perennial  grasses.  The  growth-form 
of  a  species  may  also  vary  greatly  within  a  single  stand  because 
of  differences  in  microhabitats.  Under  heavy  grazing,  perennial 
rhizome  grasses  become  smaller,  more  prostrate,  and  form  a  short, 
dense  turf;  while  bunch  grasses  become  reduced  in  size,  with 
fewer  and  finer  stems  and  leaves  per  plant,  and  with  the  clumps 
sometimes  broken  into  smaller,  separated  tufts.  As  a  consequence, 
in  some  grasslands  the  growth-form  has  been  considered  a  more 
reliable  indicator  of  grazing  use  than  cover. 

Sociability  (Gregariousness) 

Sociability  refers  to  the  proximity  of  plants  or  shoots  to  one  an- 
other. It  is  dependent  upon  the  life-form  and  vigor  of  the  plants, 
habitat  conditions,  and  competitive  and  other  relations  between 
individuals.  The  Braun-Blanquet  scale, ^^  given  below,  for  rating 
sociability  of  species,  has  been  widely  used  in  analyzing  veg- 
etation. 

Class   1 :   Shoots  growing  singly 

Class  2:   Small  groups  of  plants  such  as  Chenopodium  spp.,  or 

scattered  tufts,  such  as  Aristida  spp.  (Figure  2-2) 
Class  3:   Small,  scattered  patches  or  cushions,  e.g.,  patches  of 

gramagrass  or  buffalograss,  or  large  clumps  of  prickly 

pear  cactus  (Figure  1-4) 


96    •   The  Commimxmity 


Class  4:   Large  patches  or  broken  mats  (Figure  1-16) 
Class  5 :  Very  large  mats  or  stands  of  nearly  pure  populations 
that  almost  completely  cover  a  large  area,  such  as  a 
Vaccinium  heath,  an  Andropogon  scoparius  grassland, 
or  a  cattail  marsh  (Figures  1-6  and  1-13) 

Other  scales  that  use  the  actual  areas  occupied  by  groups  have 
also  been  proposed.  ^^ 

The  shoots  or  plants  of  some  species  are  able  to  grow  much 
closer  together  than  those  of  others,  notably  those  that  propagate 
by  rhizomes,  runners,  or  roots,  forming  very  dense  stands  in  which 
the  shoots  are  separated  by  short  internodes,  Kentucky  bluegrass 
for  example.  Species  with  longer  internodes,  such  as  smooth 
bromegrass,  form  more  open  stands.  Also  important  in  the  form- 
ing of  dense  stands  is  the  ability  of  shoots  to  tolerate  shading,  root 
competition,  or  some  other  adverse  factor  such  as  high  humidity, 
which  may  favor  infection  by  disease-producing  organisms. 
Species  that  spread  only  by  seed  may  also  show  a  high  degree  of 
sociability,  especially  in  the  early  stages  of  succession,  as  in  aban- 
doned fields  where  certain  annual  weeds  may  become  very 
dense.  The  ability  of  these  plants  to  form  dense  groups  is  related 
to  the  number  of  seeds  produced,  the  mobility  of  seeds  or  fruits, 
the  rate  of  germination,  and  the  ability  of  seedlings  and  growing 
plants  to  survive  disease  and  intense  competition.  Bromus  tectorum, 
an  annual,  has  been  highly  successful  in  invading  large  areas  of 
western  grasslands,  forming  stands  with  sociability  of  class  5. 
Salsola  kali  and  Chenopodium  album  may  also  rate  in  class  5  in 
early  stages  of  succession  on  abandoned  fields,  but  in  later  stages 
they  are  usually  reduced  to  class  1.  Even  annuals  with  fruits  or 
seeds  lacking  special  structures  for  dispersal,  such  as  C.  album 
and  sunflowers  {Helianthus  spp.)  often  form  dense  aggregations 
because  the  seeds  fall  close  to  the  parent;  but  species  with  very 
effective  devices  for  dispersal,  such  as  Tragopogon  pratensis,  are 
more  likely  to  rate  in  class  1,  unless  they  migrate  into  particularly 
favorable  habitats. 

Vegetative  propagation  is  conducive  to  aggregation  and  often 
gives  invaders  pronounced  advantages  in  becoming  established 
(Figure  1-19).  The  new  shoots  on  the  rhizomes  or  runners  are  sus- 
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tained  by  the  parent  plant  during  the  time  that  new  roots  and 
leaves  are  forming,  and  thus  are  able  to  carry  on  competition 
advantageously  with  plants  already  present  in  the  area.  For  ex- 
ample, the  rhizomes  of  Agropyron  smithii  were  undoubtedly  a  great 
aid  in  the  invasions  of  the  Nebraska  prairies  during  the  great 
1930-1940  drought,  when  nearly  pure,  large  populations,  rating 
class  5,  were  formed.  Certain  species  such  as  Bouteloua  gracilis, 
Aristida  longiseta,  Artemisia  frigida,  and  Astragalus  missounensis  have 
a  higher  class  of  sociability  under  continuous  grazing  than  under 
deferred  and  rotation  grazing,  while  the  opposite  is  true  for 
Agropyron  smithii,  Schedonnardus  paniculatus,  Eurotia  lanata,  and 
Seneao perplexus^^^  Under  some  conditions  such  as  severe  grazing, 
shallow-rooted  plants  may  invade  and  become  very  dense,  replac- 
ing the  former  deep-rooted  ones. 

Association  of  Species 

Association  of  species,   or  interspecific   association,  is  the 

growing  together  of  two  or  more  species  in  close  proximity  to 
one  another  as  a  rather  regular  occurrence;  for  example,  Ken- 
tucky bluegrass  and  white  clover  in  many  pastures,  Stipa  comata 
and  Bouteloua  gracilis  in  some  grasslands  in  the  Great  Plains,  and 
Agropyron  spicatum  and  Poa  secunda  in  the  lower  grassland  zone  in 
British  Columbia^^^  (Figures  1-14  and  1-15).  Association  of 
species  may  be  brought  about  by  the  similarity  in  ecological 
amplitudes  of  two  or  more  species;  similarity  in  geographic 
ranges;  differences  in  life-form  (such  as  shallow  and  deep  root 
systems)  so  that  excessive  competition  can  be  avoided;  depend- 
ence of  one  species  upon  another  for  shade  (Figure  3-2),  or  for 
food  as  in  parasites;  or  dependence  for  protection  from  grazing, 
as  in  grasses  growing  in  dense  clumps  of  cactus.  Association  may 
be  so  pronounced  that  a  certain  species  may  indicate  the  presence 
of  other  species  in  the  stand,  so  that  prediction  is  possible  to  some 
extent,  i.e.,  if  species  A  is  found  in  a  certain  area  then  species  B 
can  also  be  expected  there. 

When  environmental  conditions  change,  the  species  that  are 
associated  will  vary.  A  species  growing  as  a  dominant  in  one 
stand  usually  has  different  associates  when  growing  as  a  sub- 
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dominant  in  another  stand;  for  example,  Agropyron  spicatum  in 
western  North  Dakota,  where  it  is  near  the  eastern  Hmits  of  its 
geographic  range,  is  associated  with  Muhlenbergia  cuspidata,  Carex 
Jilifolia,  Bouteloua  gracilis,  and  Eurotia  lanata,  none  of  which  grow 
with  it  in  British  Columbia  where  it  is  dominant.  The  presence 
or  absence  of  certain  associated  species  has  important  indicator 
value  in  pointing  to  significant  conditions  such  as  severe  compe- 
tition, presence  of  disease,  or  prevalence  of  one  or  more  unfavor- 
able environmental  factors.  Association  of  species  is  also  important 
in  testing  new  strains  of  forage  plants,  for  usually  they  are  grown 
in  mixtures  in  meadows  and  pastures.  Therefore  the  new  strains 
need  to  be  tested,  not  only  in  pure  cultures  to  determine  their  suit- 
ability, but  also  in  mixtures  for  their  associative  capacity. 

A  number  of  methods  have  been  used  to  measure  the  degree 
of  interspecific  association.^^  The  association  index,  one  measure 
of  ecologic  association  between  plants,  is  secured  by  dividing  the 
number  {a)  of  random  samples  of  a  given  stand  in  which  species 
A  occurs  into  the  number  [h)  of  samples  in  the  same  stand  in 
which  species  A  and  B  occur  together.  For  example,  if  species  A 
occurs  in  40  sample  areas  {a  =  40),  and  species  B  occurs  to- 
gether with  A  in  30  of  these  sample  areas  (A  =  30),  then  the 
association  index  of  species  A  is  B/A,  or  30/40,  or  0.75;  i.e.,  on 
three-fourths  of  the  sample  areas  in  which  species  A  occurred  it 
was  associated  with  species  B.  But  if  species  B  is  used  as  the  base, 
the  association  index  is  1.0.  At  least  100  samples  should  be  taken 
for  these  calculations. 

Another,  probably  more  meaningful  method  uses  the  index  of 
similarity  of  Sorensen,^2io3  ^hich  was  developed  originally  on 
the  basis  of  species  presence.  If  a  represents  the  total  number  of 
species  in  type  A,  b  the  number  in  type  B,  and  there  are  c  species 
present  in  both  types,  then  the  index  of  similarity  =  2c  X  100/ 
a  +  b.  Instead  of  using  the  number  of  species,  the  index  can  be 
calculated  on  the  basis  of  the  average  cover  estimates  or  abun- 
dance. In  this  procedure  a  represents  the  sum  of  all  averages  of 
estimates  of  species  found  in  vegetation  type  A,  b  the  similar  figure 
for  type  B,  and  c  the  sum  of  the  various  estimates  of  species  shared 
by  both  types. 
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QUANTITATIVE  CHARACTERISTICS 

Population  Density 

Population  density,  broadly  considered,  denotes  the  number 
of  individual  plants  or  stalks  in  an  area,  but  in  a  strict 
sense  it  refers  to  the  number  of  individuals  or  stalks  in  a 
unit  of  space.  When  the  measured  unit  area  is  divided  by 
the  number  of  individuals,  the  average  area  occupied  by 
each  individual  is  obtained.  The  number  of  individuals  of  a 
species  varies  from  place  to  place  in  a  stand,  often  considerably, 
so  numerous  sample  areas  are  needed  for  reliable  results.  In 
range-management  literature,  "density"  is  often  used  incorrectly 
for  "cover." 

The  term  population  density,  when  referring  to  animals, 
often  conveys  not  merely  the  idea  of  the  number  of  animals  in  a 
unit  of  space,  but  also  their  number  in  relation  to  the  available 
quantity  of  a  limiting  requisite, ^^°  and  this  thought  is  generally 
implied  when  the  term  density-dependent  factor  or  density- 
governing  factor  is  used.  An  example  of  this  factor  in  vegetation 
is  a  pine  stand  where  the  density  of  the  trees  reduces  the  light  in- 
tensity so  much  that  the  number  of  trees  reaching  maturity  is 
restricted  (Figure  2-3).  A  density-independent  factor  or  non- 
reactive  factor^  ^°  is  one  that  has  little  or  no  effect  on  density  (for 
example,  the  CO2  content  of  the  atmosphere),  because  it  rarely 
if  ever  influences  the  number  of  plants  in  an  area. 

Density  values  are  significant  because  they  show  the  relative 
importance  of  each  species  in  a  stand  when  they  are  similar  in 
life-form  and  size  (Figure  2-5).  However,  where  the  plants  are  dif- 
ferent, such  as  grasses,  forbs,  and  dwarf-shrubs  (Figure  3-1), 
density  alone  is  insufficient  for  comparison,  and  data  on  other 
characteristics,  especially  cover  (see  p.  102),  should  then  be  con- 
sidered. For  instance,  in  studies  on  forest  vegetation,  the  trunk 
diameter  and  height  and  spread  of  the  crown  are  frequently 
measured  in  addition  to  numerical  abundance.  Moreover,  it  is 
often  difficult,  as  in  the  case  of  mat  plants,  to  determine  density 
because  the  stalks  grow  very  close  together;  therefore  it  is  often 
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more  feasible  as  well  as  more  precise  to  measure  the  area  occu- 
pied by  each  species  than  to  attempt  to  count  the  stalks.  Because 
of  difficulties  in  distinguishing  separate,  individual  plants,  par- 
ticularly those  that  propagate  by  rhizomes  or  runners,  or  because 
of  limitations  in  time,  estimation  scales  are  often  used.  In  a  5-fold 
scale,  1  denotes  that  the  individuals  are  very  sparse;  2,  sparse;  3, 
infrequent;  4,  frequent  to  numerous;  and  5,  very  numerous.  Such 
a  scale  has  greater  value  if  the  grades  are  based  upon  approxi- 
mate numbers,  for  example,  S  denoting  1  to  4  stalks  per  square 
meter;  /,  5  to  14;  F,  15  to  29;  A^,  30  to  99;  and  VN,  100  stalks  or 
more.  Or  a  logarithmic  scale  may  be  used. 

Data  on  population  density  are  often  indispensable  in  measur- 
ing the  effects  of  reseeding,  burning,  spraying,  and  successional 
changes.  An  interesting  example  is  a  recent  study^^i  on  the  nat- 
ural replacement  of  the  chestnut  {Castanea  dentata)  (Figure  1-24C) 
which  has  been  destroyed  by  blight  in  the  southern  Appalachian 
region.  In  2569  openings  created  by  the  death  of  the  chestnuts, 
5046  individual  replacement  trees  were  found.  The  most  numer- 
ous were  Quercus  prinus  which  made  up  17  per  cent  of  the  total; 
Q.  rubra,  16  per  cent;  and  Acer  rubrum,  13  per  cent.  Species  of 
Quercus  made  up  a  total  of  41  per  cent  of  all  the  replacements. 
In  another  example  in  southern  Idaho  it  was  shown  that  if 
Bromus  tectorum  can  be  reduced  from  about  570  to  50  plants  per 
square  foot  for  one  season,  competition  will  be  sufficiently  re- 
duced so  that  perennial  grasses  such  as  bluebunch  wheatgrass 
{Agropyron  spicatum),  crested  wheatgrass  {A.  cnstatum),  and  others 
will  grow  after  seeding.^ ^^ 

The  number  of  stalks  that  have  been  grazed  compared  to  those 
not  grazed  have  been  used  to  determine  the  proper  degree  of 
utilization  of  the  range.  The  effects  of  drought  and  subsequent 
recovery  were  measured  by  the  number  of  stalks  of  common 
grasses  in  western  North  Dakota.  In  1935  when  the  precipitation 
was  about  average,  Andropogon  scoparius  had  874  stalks  per  square 
meter;  in  1936,  a  drought  year,  509  stalks;  in  1937,  235  stalks; 
and  in  1938,  303.  Both  1937  and  1938  were  nearly  normal  years. 
The  number  of  stalks  of  Agropyron  smithii  for  the  same  years  were 
140,  51,  69,  and  98,  respectively.202A 
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Cover  (Area  Occupied) 

Cover,  or  specifically  herbage  cover,  signifies  primarily  the 
area  of  ground  occupied  by  the  leaves,  stems,  and  inflorescences, 
i.e.,  the  above-ground  parts  of  plants,  as  viewed  from  above.  Each 
layer  of  vegetation  is  considered  separately,  since  overlapping 
usually  occurs,  so  that  a  tall  plant  is  rated  apart  from  one  grow- 
ing under  it.  Basal  area,  however,  refers  to  the  ground  actually 
covered  by  the  crown  only,  or  actually  penetrated  by  the  stems, 
and  readily  seen  when  the  leaves  and  stems  are  clipped  at  the 
ground  surface.  "Basal  area"  has  also  been  used  to  denote  the  area 
occupied  by  the  vegetation  at  1  in.,  or  at  some  other  level,  above 
the  ground  (Figures  1-20  and  1-21). 

Discretion  must  be  used  in  comparing  cover  data  of  various 
species  which  may  have  been  taken  at  different  heights,  and  often 
comparisons  are  not  valid. ^^  Measurements  of  basal  area  may 
vary  considerably  for  the  same  plant,  depending  upon  the  height 
at  which  the  measurements  are  taken  (Figure  1-2).  For  example, 
in  the  same  quadrat  the  area  at  the  surface  occupied  by  Aristida 
longiseta  was  382  cm^,  and  by  Buchloe  dactyloides,  408  cm^;  at 
a  height  of  1  in.  the  respective  areas  were  914  and  505  cm^;  and 
the  total  herbage  covers  of  each  were  1666  and  505  cm^,  respec- 
tively. The  former  grows  in  small  bunches  that  have  their  maxi- 
mum spread  above  1  in.,  while  the  latter,  a  mat-former,  often  has 
its  maximum  spread  below  1  in.,  so  the  last  measurements  pre- 
sent the  most  reliable  comparison.  ^°'^  Under  the  influence  of  pre- 
vailing conditions  herbage  cover  data  are  comparable,  but  it  is 
often  difficult  to  make  valid  comparisons  of  basal-area  data  of  dif- 
ferent life-forms  even  in  the  same  sample  area.  It  may  be  desirable 
in  some  studies,  however,  such  as  those  on  the  effects  of  runoff, 
erosion,  and  grazing,  to  use  basal  area;  but  the  measurements 
should  then  be  taken  of  the  maximum  crown  spread,  which  in 
bunchgrasses  such  as  Festuca  arizonica  and  Muhlenbergia  montana 
may  be  at  3  to  5  in.  above  the  ground,  while  in  sodgrasses  such 
as  Bouteloua  gracilis  it  is  often  less  than  1  in.  Decreases  in  runoff" 
and  erosion  may  often  be  correlated  better  with  crown  spread  of 
bunchgrasses  than  with  basal  area. 

In  research  on  grasslands  in  which  permanent  effects  of  graz- 
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ing  are  determined,  charting  or  measurement  of  the  vegetation 
is  often  made  at  a  height  of  1  in. — the  height  to  which  many 
species  are  grazed — and  the  data  presented  as  basal  area.  The 
spread  of  herbage  is  influenced  not  only  by  the  grazing  of  live- 
stock, but  also  by  attacks  of  insects,  by  fungi,  and  by  weather  con- 
ditions. Therefore,  since  basal  area  is  more  stable  under  such 
seasonal  influences,  although  subject  to  long-continuing  in- 
fluences, its  use  as  a  means  of  measurement  is  preferred  for  many 
purposes. 

Herbage  area  is  one  of  the  most  important  characteristics  of 
vegetation  in  determining  the  nature  of  a  community,  such  as 
quantitative  relations  between  species.  For  example,  the  sand 
dune-sage  type  in  the  southern  Great  Plains  was  found  to  con- 
tain a  total  of  50  species  of  grasses  and  216  species  of  forbs  and 
shrubs.  The  average  cover  of  all  the  vegetation  was  34.3  per 
cent,  which  was  divided  among  the  following:  Artemisia  Jilifolia, 
79.2;  Bouteloua  gracilis,  6.3;  Sporobolus  cryptandrus,  5.3;  other  per- 
ennial grasses,  2.4;  annual  grasses,  0.9;  other  shrubs,  4.9;  and  all 
forbs,  1.0  per  cent.'^^  A  species  may  vary  greatly  in  cover  in 
various  stands,  as  shown  by  Vaccinium  uliginosum  in  Alaska,  which 
varies  in  average  herbage  cover  from  about  22  per  cent  in  stands 
where  it  is  one  of  the  dominants  to  9  per  cent  or  less  where  it  is 
not  a  dominant.  ^'^^  Cover  is  often  the  most  suitable  expression 
for  recording  change  (see  Chart  4),  but  for  single-  or  few-stalked 
plants,  population  density  is  a  better  characteristic  to  use. 

Many  methods  have  been  used  in  securing  data  on  cover,  in- 
cluding ( 1 )  charting  by  hand  or  with  a  pantograph  which  is  set 
up  on  a  low  table,  (2)  area  listing,  (3)  point-contacts,  and  (4)  line- 
interception;  and  various  estimation  methods  such  as  (5)  cover 
scales,  (6)  point-observation  plot  or  square-foot  density,  and  (7) 
ocular  or  range  reconnaissance.  The  methods  have  been  described 
in  numerous  publications  and  summarized  and  evaluated  in  a 

In  Europe,  sample  areas  to  establish  the  relative  importance 
of  species  in  vegetation  have  been  in  use  for  more  than  a  century. 
Sample  areas  for  determining  changes  caused  by  grazing  or  in- 
duced by  various  kinds  of  management  procedures,  or  to  chart 
the  course  of  succession  following  disturbance,  may  be  established 
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Chart  4.  Changes  in  species  composition  and  basal  area  on  a  permanent 
meter-square  quadrat  from  1934  to  1952  at  the  U.  S.  Sheep  Experiment  Sta- 
tion, near  Dubois,  Idaho,  altitude  5500  ft.  A  letter  symbol  with  no  area  mapped 
indicates  plant  cover  of  less  than  0,5  cm^.  (A)  Agropyron  spicatum;  (P)  Poa 
secunda;  (S)  Stipa  comata;  (•)  seedling.  (After  Blaisdell,  J.  P.  (15A),  "Seasonal 
Development  and  Yield  of  Native  Plants  on  the  Upper  Snake  River  Plains  and 
Their  Relation  to  Certain  Climatic  Factors,"  Figure  9,  U.  S.  Dept.  Agric. 
Tech.  Bull,  No.  1190,  1-68  (1958).) 
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permanently;  or  they  may  be  set  up  temporarily  for  the  purpose  of 
ascertaining  the  present  plant  composition  or  other  charac- 
teristics. 

A  stand  may  be  sampled  by  a  single,  carefully  located  area,  pref- 
erably starting  at  10  m^  and  then  enlarging  it  to  50  or  100  m^ 
for  a  second  look,  as  is  commonly  done  in  central  Europe;^^  or 
it  may  be  sampled  by  a  number  of  small  areas  distributed 
throughout  the  stand,  as  is  the  usual  practice  in  North  America 
and  Scandinavia.  The  size  of  the  sample  area  to  use  depends 
upon  the  kind  of  vegetation  that  is  being  studied;  in  grasslands 
it  is  usually  a  square  meter,  in  forests  an  area  10  meters  square. 
For  reliable  results,  a  large  number  of  sample  areas  should  be  used 
— the  smaller  the  sample  area  the  larger  should  be  the  number. 
In  a  grassland  stand  that  is  fairly  homogeneous  and  not  too  large, 
20  sample  areas  are  usually  adequate,  while  in  a  forest  stand  at 
least  10  should  be  used.  The  advantage  of  employing  many  small 
sample  areas  is  that  each  stand  can  be  studied  very  thoroughly, 
while  the  advantage  in  using  one  or  a  few  large  samples  is  the 
saving  in  time  so  that  more  stands  can  be  investigated. 

Height  of  Plants 

The  height  of  plants  is  usually  a  very  good  indicator  of  their 
condition  or  vigor,  and,  therefore,  can  be  employed  as  a  criterion 
of  the  success  of  a  species  in  various  habitats.  It  can  also  be  used 
as  a  measure  of  the  favorableness  of  the  environment  (Figure 
1-11)  and  is  much  used  by  foresters  as  an  index  of  site  quality  for 
various  species  of  trees.  Usually  there  is  a  good  correlation,  as  high 
as  0.9  or  even  more,  between  the  rate  of  growth  in  height  and 
growth  in  weight;  hence,  growth  curves  are  often  based  on  height 
measurements  instead  of  dry  weights  because  of  their  convenience 
(see  Chart  5). 

It  is  somewhat  difficult  at  times  to  secure  accurate  measure- 
ments because  the  height  attained  by  the  stems  and  leaves  varies 
with  individual  plants  of  the  same  species  growing  under  similar 
conditions.  The  approximate  average  height  of  the  herbage  in 
fairly  dense  stands  can  be  secured  by  sighting  along  the  top  of  the 
vegetation  with  a  ruler,  or  the  maximum  and  minimum  heights  of 
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Chart  5.  Growth  curves  as  measured  by  height  of  flower  stalks  of  (A)  Bouteloua 
filiformis,  (B)  Bouteloua  rothrockii,  and  (C)  Trichachne  calif ornica  in  relation 
to  the  distribution  of  rainfall  during  one  summer  on  the  Santa  Rita  Experi- 
mental Range  in  Southern  Arizona.  (After  Reynolds,  H.  G.  (169A),  "Managing 
Grass-Shrub  Cattle  Ranges  in  the  Southwest,"  Figure  5,  U.  S.  Dept.  Agric. 
Handbook,  No.  162,  1-40  (1959).) 


a  large  number  of  individual  plants  can  be  measured.  The  plants 
measured  in  the  field  should  be  marked  and  numbered  so  that 
measurements  can  be  taken  of  the  same  ones  each  time.  Stems 
may  also  be  cut  at  the  ground  level  and  taken  to  the  laboratory 
for  more  accurate  measurements. 

Many  interesting  and  important  results  have  been  gained  by 
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height  measurements,  such  as  the  effects  of  the  competition  of 
Artemisia  tridentata  upon  17  species  of  range  grasses  artificially 
seeded  in  northern  Nevada.  In  early  spring,  Agropyron  cristatum 
was  only  4  in.  tall  under  intense  competition  with  A.  tridentata,  but 
7  in.  tall  where  the  competition  was  lacking.  The  heights  of 
Agropyron  smithii  -were  15  and  17  in.,  respectively,  showing  that  this 
grass  resisted  the  competition  better  than  the  other  Agropyron.^'^^ 

The  height  of  the  herbage  and  the  depth  of  the  root  system 
often  show  a  relationship.  For  example,  Buchloe  dactyloides  in 
Nebraska,  with  an  herbage  height  of  5.5  in.,  had  a  working 
depth  (the  depth  to  which  a  large  number  of  roots  penetrate)  and 
a  maximum  depth  of  the  root  system  at  12  and  20  in.,  respectively; 
but  when  the  herbage  height  was  3  in.  the  root  depths  were  only 
5  and  9  in.,  respectively.  Another  relationship  was  also  noted:  in 
six  grass  species  the  width  of  the  third  leaf  from  the  ground  varied 
in  accord  with  the  diameter  of  the  roots  at  a  depth  of  6  in.^^^ 

In  comparing  the  effects  of  systems  of  grazing  upon  the  vege- 
tation, flower  stalks  were  cut  at  the  close  of  the  growing  season 
and  taken  into  the  laboratory  for  making  precise  measurements. 
The  average  length  of  100  stalks  o^  Agropyron  smithii  from  a  de- 
ferred and  rotation  pasture  in  northern  Colorado  was  23.0  in.  and 
that  from  an  adjoining  continuously  grazed  pasture,  18.7  in.; 
and  the  respective  heights  of  Stipa  viridula  in  the  same  habitats 
were  32.1  and  24.1  in.io^ 

Height  measurements  are  excellent  for  showing  the  effects  of 
clipping  species  at  various  heights  and  frequencies.  In  eastern 
Montana  Bouteloua  gracilis,  clipped  during  the  growing  seasons 
from  1938  to  1941,  showed  the  following  results  in  1942  when  it 
was  not  clipped:  ^^' 


Height  and  Frequency  of  Clipping 
1938  to  1941 

Height  of  Seed 
Stalks  in  1942, 

Length  of  Basal 
Leaves  in  1942, 

cm 

cm 

2  cm  every  2  weeks 

23.7 

11.2 

2  cm  every  4  weeks 

24.1 

13.1 

4  cm  every  2  weeks 

26.6 

15.4 

Once  at  end  of  season 

30.3 

15.9 
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An  important  application  of  height  measurements,  especially 
on  National  Forest  ranges,  is  the  determination  of  range  readi- 
ness in  the  spring.  The  proper  height  of  the  herbage  for  the  be- 
ginning of  grazing  varies  from  2  to  10  in.  depending  upon  the 
growth  habits  of  various  species,^^  so  when  the  chief  forage  plants 
reach  their  respective  readiness  heights,  the  grazing  season  is 
opened.  Other  criteria  are  also  useful  in  this  determination,  such 
as  the  time  of  appearance  of  the  first  flowers  of  certain  species. 
The  height  to  which  grasses  are  grazed  is  also  commonly  used  as 
a  measure  of  the  proper  degree  of  utilization  of  the  range.  For 
example,  in  southern  Colorado  the  optimum  utilization  of 
Arizona  fescue  and  mountain  muhly  is  recommended  as  35  to  40 
per  cent  of  the  total  growth.  Therefore,  the  average  height  of  the 
former  at  the  end  of  the  grazing  season  should  be  5  to  6  in.,  and 
of  the  latter,  a  smaller  bunchgrass,  1.5  to  2  in. ^^' 

Much  research  has  been  conducted  to  relate  height  measure- 
ments to  the  weight  of  forage  for  use  in  determining  proper 
utilization  of  the  range.  Tables  have  been  prepared  to  show  the 
weight  of  each  inch  of  height  growth,  and  converting  factors  and 
graphs  used  to  show  the  relation  of  height  to  weight,  with  scales 
for  field  work.  1 37  Xhese  investigations  indicate  that  such  methods 
are  often  useful.  However,  the  research  has  shown  the  complexity 
of  the  interrelations  between  height  and  weight  and,  although 
the  rates  of  growth  in  height  and  weight  usually  show  a  high  cor- 
relation, it  is  more  reliable  to  measure  each  one  directly.  The  rea- 
son for  this  is  that  every  characteristic  of  plants  is  governed  by 
its  own  set  of  physiologic  processes,  and  each  set  reacts  to  the  en- 
vironmental factors  in  its  own  particular  way.  The  temptation  is 
all  too  common  in  field  work  to  reduce  the  number  and  kind  of 
measurements  in  order  to  save  time  and  avoid  inconvenience, 
and  to  make  inferences  that  are  too  broad  and  not  warranted  by 
the  data. 

Weight  of  Plants 

Weight  is  one  of  the  most  important  quantitative  characteris- 
tics of  plants,  for  an  increase  in  dry  weight  is  probably  the  best 
single  measure  of  growth  (Figure  3-3).  Height  and  area  of  herb- 
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age  are  important  space  characteristics,  while  weight  is  the 
quantitative  expression  of  the  total  mass  of  structural  materials, 
food  substances,  protoplasm,  and  other  substances  that  have  re- 
sulted from  the  metabolic  processes  and  form  the  basic  reservoir 
of  materials  for  additional  growth  and  for  the  endurance  of,  and 
recovery  from,  unfavorable  conditions.  It  is  the  total  weight  of 
these  substances  that  constitutes  the  forage  value  of  the  herbage. 
Height  and  area  are  expressions  of  the  distribution  of  the  mass 
in  space,  and  determine  the  availability  of  the  herbage  for  graz- 
ing. Most  of  the  research  on  weight  has  been  done  on  the  above- 
ground  parts  of  plants,  but  in  recent  years  some  work  has  been 
done  on  the  weight  of  root  systems,  and  of  leaves  separately  from 
the  stems. 

Clipping  of  the  plants  within  sample  areas  to  secure  green  or 
dry  weights  has  been  widely  practiced  for  a  long  time.  The  plants 
may  be  clipped  with  grass  shears,  hand  sickles,  lawn  mowers, 
field  mowers,  or  plucking  by  hand  to  more  closely  resemble  graz- 
ing, but  even  this  may  not  yield  data  comparable  to  grazing  be- 
cause of  the  differentiating  effects  of  the  livestock.  Sheep,  espe- 
cially, are  highly  selective  in  choosing  plants  or  parts  of  plants. 
In  order  to  protect  vegetation  from  grazing,  fenced  plots  and 
movable  cages,  varying  from  a  few  square  feet  to  several  square 
yards  or  more,  are  often  employed.  A  commonly  used  size  of  cage 
covers  9.6  sq  ft  because  the  weight  in  grams  from  such  a  plot, 
multiplied  by  10,  equals  the  weight  in  pounds  per  acre.  Cages  may 
be  located  permanently,  annually,  or  for  shorter  periods,  depend- 
ing upon  the  frequency  and  duration  of  the  clipping  operation. 
When  only  the  total  herbage  yield  is  needed  the  procedure  is 
rapid,  but  when  the  yield  of  each  species  is  wanted,  the  separa- 
tion of  the  plants  of  each  kind,  before  or  after  clipping,  is  tedious 
and  time-consuming,  but  the  resulting  data  may  be  essential  in 
solving  some  problems.  Significant  differences  in  botanical  com- 
position may  occur  between  grazed  and  mowed  stands  because 
the  latter  may  change  more  rapidly  in  species  composition.  To 
avoid  many  difficulties  the  sampling  areas  should  be  relocated  at 
fairly  frequent  intervals. 

As  discussed  under  the  section  on  height,  estimation  methods 
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are  used  in  determining  yield  or  utilization  by  counting  the  num- 
ber of  stems  that  have  been  grazed  on  small  plots  and  then 
estimating  for  each  species  the  weight  of  the  forage  that  has  been 
eaten.  Considerable  training  is  required  for  using  this  method, 
but  one  advantage  is  that  the  actual  weight  of  the  yield  of  each 
species  can  be  used  in  training  and  in  checking  the  estimates.  In 
grazing  studies  estimates  of  weight  deserve  wider  use  and  may 
be  more  valuable  than  those  of  cover,  for  the  percentage  com- 
position of  species  in  an  area  usually  varies  with  the  characteris- 
tic that  is  measured.  For  example,  in  the  same  meter-square 
quadrat  in  northern  Colorado,  western  wheatgrass  comprised  9 
per  cent  of  the  total  basal  area  of  all  species  but  31  per  cent  of  the 
total  actual  weight  of  all  species,  and  the  corresponding  figures  for 
buffalograss  were  45  and  8,  respectively.  i°^  While  the  area  of  the 
latter  was  much  greater,  the  grazing  value  of  the  former,  as 
shown  by  the  dry  weight,  was  considerably  higher. 

The  use  of  animals  as  instruments  for  measuring  the  grazing 
value  of  plants  includes  methods  such  as  the  weights  of  cattle  or 
sheep,  carrying  capacity  in  numbers  of  animals,  production  of 
milk  or  beef,  total  digestible  nutrients,  digestion  trials,  palatability 
trials,  and  biological  assays  with  small  animals.  Periodic  weighing 
of  animals,  especially  beef  cattle,  dairy  heifers,  or  sheep,  is  less 
complicated  than  measuring  the  production  of  milk  from  dairy 
cows,  but  precautions  must  be  taken  to  select  highly  similar 
animals.   Special  devices  such  as  movable  pens  and  tethering 
have  been  developed  for  using  sheep  in  evaluating  pastures. 
Some  objections  to  the  live-weight  method  are  (1)  the  difficulty 
of  control,  (2)  the  relatively  small  areas  grazed,  and  (3)  the  in- 
exactness of  comparing  a  grassland  under  a  short-term  experi- 
ment to  one  grazed  for  a  long  period  under  field  conditions.  The 
total  digestible  nutrient  method  is  considered  by  many  to  be  the 
best  for  evaluating  pasturage  when  milk-producing  cows  are 
used.  The  nutrients  supplied  in  the  herbage  and  in  supplemen- 
tary feeds  are  considered  in  relation   to  the   requirements  of 
digestible  nutrients  for  the  milk  production,  maintenance  of  the 
animals,  and  for  increases  in  live  weight. ^^ 

The  nature  of  the  chemical  components  of  plants  is  important 
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in  many  ways,  and  considerable  variation  exists  between  and 
within  species  and  at  different  times  of  the  year.  The  quantity  of 
organic  food  reserves  in  the  basal  parts  of  plants  often  determines 
the  renewal  of  growth  and  the  winter  survival  of  many  plants 
which  have  been  subjected  to  adverse  conditions.  A  plant  may 
be  rich  in  food  substances,  but  because  of  the  presence  of  some 
unpalatable  material  such  as  tannin  in  lespedeza  or  coumarin  in 
sweet  clover,  it  is  not  eaten.  The  stiffening  and  hardening  of 
plants,  caused  chiefly  by  the  formation  of  lignin  in  cell  walls, 
proceeds  rapidly  as  plants  mature,  resulting  in  decreased  forage 
value.  A  number  of  plants  growing  in  the  western  states  absorb 
selenium  from  the  soil  and  accumulate  it  in  such  concentrations 
as  to  cause  poisoning  of  livestock  that  eat  them.  On  the  other 
hand,  some  substances  are  especially  good  indicators  of  the  qual- 
ity of  forage.  For  example,  routine  analyses  are  made  of  the 
carotene  content  of  hay  to  determine  the  best  methods  of  drying. 
For  increased  accuracy,  the  part  of  the  plant  that  is  actually  con- 
sumed should  be  analyzed  rather  than  the  entire  plant,  as  exem- 
plified by  the  leaves  of  clover  and  grass,  which  are  eaten  by  sheep 
in  preference  to  the  stems. 

Volume  Occupied  by  Plants 

Weight  is  a  more  important  characteristic  when  plant  growth 
or  productivity  is  being  considered,  but  the  space  occupied  by  the 
above-ground  parts  is  of  greater  import  in  understanding  the 
structure  of  the  vegetation.  The  word  "volume"  has  occasionally 
been  used  in  place  of  weight,  especially  in  dealing  with  the 
height-weight  relations  of  range  plants.  The  term  "weight"  re- 
fers to  the  heaviness  property  of  matter,  "volume"  to  the  three- 
dimensional  space  occupied  by  an  object.  Except  in  forestry  where 
the  volume  of  trunks  of  trees  is  measured  for  the  yield  of  lumber, 
little  work  has  been  done  on  volume,  so  it  offers  a  productive  field 
for  research. 

The  volume  of  smaller  plants  may  be  determined  by  immers- 
ing them  in  water  in  a  graduated  vessel  and  measuring  the  dis- 
placement. An  analysis  in  the  USSR  revealed  that  the  total  vol- 
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ume  of  22  species  of  dicotyledons  growing  in  an  area  of  0.25  m^ 
was  164  cc,  while  that  of  6  monocotyledons  in  the  same  area  was 
65  cc — a  ratio  of  2.5  to  1,^  but  the  ratio  of  numbers  was  3.7  to  1. 
The  volume  occupied  by  plants  cannot  be  inferred  from  weight 
measurements  because  the  weight  per  unit  of  volume,  the 
density,  varies  for  different  parts  of  plants  and  for  different 
species;  for  example,  clovers  weigh  more  per  unit  of  volume  than 
do  grasses  (Figure  1-15). 

Frequency 

Frequency  is  concerned  with  the  degree  of  uniformity  of  the 
occurrence  of  individuals  of  a  species  within  an  area.  It  is  meas- 
ured by  noting  the  presence  of  a  species  in  sample  areas  which 
are  distributed  as  widely  as  possible  throughout  the  stand,  the 
results  being  expressed  as  a  percentage,  the  frequency  index  or 
percentage  frequency.  For  example,  if  one  or  more  individuals 
of  a  species  is  found  in  each  of  15  of  a  total  of  25  samples,  its  fre- 
quency is  60  per  cent. 

The  distribution  of  a  species  is  rarely  regular  or  uniform  in  a 
stand  (Figures  3-1  and  3-3).  Variation  is  caused  by  many  in- 
fluences, such  as  microhabitat  conditions  of  topography  or  soil 
(Figure  2-4),  vegetative  propagation,  quantity  and  dispersal  of 
seeds,  time  of  invasion  of  one  species  as  compared  to  others,  graz- 
ing by  livestock,  activity  of  rodents,  and  depredation  by  insects 
or  diseases.  As  a  result,  patterns  may  be  present,  with  centers  of 
higher  frequency  and  greater  abundance  separated  by  areas  of 
lower  frequency  and  abundance.  A  pattern  of  alternation  or 
interdigitation  is  more  pronounced  where  the  topography  is 
irregular  or  where  the  soil  varies  within  short  distances.  For  ex- 
ample, in  an  abandoned  field  in  Louisiana  the  frequency  of  John- 
son grass  {Sorgum  halepense)  was  28  per  cent  in  the  old  furrows  and 
0  per  cent  on  the  6-in.  higher  ridges,  and  that  of  paspalum  {Pas- 
palum  conjugatum)  4  per  cent  in  the  furrows  and  22  per  cent  on 
the  ridges;  while  the  dominant,  goldenrod  {Solidago  hirsutissima), 
was  high  in  both — 98  and  84  per  cent,  respectively.  ^^° 

Frequency  determinations  by  means  of  sample  areas  are  often 
needed  in  order  to  check  general  impressions  about  the  relative 
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values  of  species  in  a  stand,  for  conspicuous  plants  such  as  sun- 
flowers or  goldenrods  may  appear  more  widespread  and  abun- 
dant than  they  actually  are  in  comparison  to  other  species.  An- 
other good  example  is  seen  in  Iowa  prairies  where  the  blazing  star 
and  prairie  clover,  with  their  extremely  slender  stems  and  leaves, 
have  little  cover  value  although  the  appearance  of  the  prairie  at 
certain  seasons  is  caused  by  their  high  frequencies.'' 

Many  species  having  low  cover  or  population  density  also  rate 
low  in  frequency,  but  some  may  have  high  frequency  because  of 
their  uniform  distribution.  Usually,  however,  if  the  cover  and 
population  density  are  high  the  frequency  will  be  high.  In  nat- 
ural communities  the  individual  plants  or  animals  tend  to  aggre- 
gate because  the  offspring  are  more  numerous  near  the  parents 
or  in  the  more  favorable  habitats  than  elsewhere;  in  other 
words,  they  are  clumped  (over-dispersed,  showing  contagious 
distribution)  (Figures  1-27  and  2-4).  Organisms  under  some 
conditions  are  regularly  spaced  (under-dispersed)  such  as  grasses 
set  out  on  a  sand  dune  or  plants  in  a  corn  field  (Figure  1-3).  When 
the  plants  or  animals  occur  entirely  by  chance,  as  may  happen 
in  a  small,  uniform  area,  the  distribution  is  normal  or  at 
random.^^^ 

Raunkiaer^^^  was  the  first  to  use  frequency  extensively.  He 
classified  the  occurrence  of  species  in  an  area  into  five  classes  of 
frequency:  A,  1  to  20  per  cent;  5,  21  to  40;  C,  41  to  60;  D,  61  to 
80;  and  £,  81  to  100.  On  the  basis  of  about  1350  frequency  de- 
terminations in  various  types  of  communities  in  Denmark,  the 
following  distribution  was  found:  A,  65  per  cent  of  the  total;  B, 
W;  C,  1;  D,  6;  and  E,  l\.  The  classification  of  8078  determina- 
tions by  several  investigators  in  various  countries  gave  the 
following  weighted  average  percentages:  A,  53;  B,  14;  C,  9;  D, 
8;  and  E,  16.  The  normal  distribution  of  the  frequency  percent- 
ages, derived  from  such  classifications,  is  expressed  as  A  ^  B  ^  C 
=  D  <CE,  and  has  been  named  Raunkiaer's  "Law  of  Frequence." 
The  ratio  is  the  result  largely  of  the  effects  of  the  dominant  species 
which,  by  their  superior  competitive  capacity,  prevent  others 
from  equalling  them  in  frequency;  but  they  cannot  prevent  many 
species  from  invading  some  of  the  spaces. 
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The  normal  frequency  ratio  is  useful  in  many  kinds  of  studies 
in  testing  the  uniformity  of  the  vegetation,  the  most  essential 
point  being  that  class  E  should  be  larger  than  class  D.  This  ob- 
jective method  can  be  quickly  applied  in  the  field,  before  pro- 
ceeding with  more  detailed  analysis.  For  example,  in  a 
representative  stand  of  the  Stipa  comata-Bouteloua  gracilis-B.  curti- 
pendula  type  in  the  lower  foothills  of  Colorado,  the  number  of 
species  in  20-m2  quadrats  was  ^,  24;  5,  6;  C,  3;  A  2;  and  E,  5. 
In  a  nearby  Artemisiafngida-weed  stand  on  similar  soil  in  a  prairie- 
dog  town  the  distribution  was  A,  10;  B,  6;  C,  4;  D,  2;  and  E,  1, 
the  difference  between  the  two  ratios  indicating  considerable  dis- 
turbance. 

The  ratio  may  be  affected  by  the  intensity  of  grazing,  as  shown 
in  an  analysis  of  Agropyron  smithii  range  land  in  Colorado 
where  the  ratio  was  62,  14,  7,  7,  and  10  in  a  deferred-rotation 
pasture  to  59,  13,  13,  11,  and  4  in  an  adjoining,  continuously 
grazed  pasture.  ^"^  These  ratios  indicate  that  palatable  species  of 
low  frequency  tended  to  disappear  under  continuous  grazing,  while 
unpalatable  species  of  low  frequency  tended  to  increase  under  the 
same  conditions.  This  was  exemplified  by  Eurotia  lanata,  a  palat- 
able shrub,  which  had  a  frequency  of  56  per  cent  under  deferred- 
rotation  grazing  but  0  per  cent  under  continuous  grazing,  while 
the  unpalatable  Artemisia  frigida  on  the  other  hand,  had  frequen- 
cies of  16  and  52,  respectively,  under  the  two  grazing  conditions. 
When  the  total  number  of  species  in  a  stand  is  small  they  often 
tend  to  be  confined  to  classes  A  and  E,  and,  obviously,  in  almost 
pure  stands  they  are  almost  exclusively  in  class  E.  The  number 
and  size  of  sample  areas  influence  the  ratios;  if  too  large  or  too 
small,  the  ratios  tend  to  be  obscured.  The  square  meter  has  been 
widely  employed  in  grassland  research,  so  that  data  from  many 
areas  are  comparable,  but  smaller  sizes  have  also  been  extensively 

used.^^ 

The  frequency  index  has  been  employed  to  reveal  differences 
between  grasslands  subjected  to  various  conditions.  The  effects  of 
grazing  upon  the  frequency  of  prairie  species  in  Missouri^  ^  are 
shown  in  the  following  table.  The  data  indicate  that  competition 
between  species,  especially  in  the  case  of  Andropogon  gerardi  in 
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Grazed  Prairie, 

Ungrazed  Prairie, 

% 

% 

Andropogon  gerardi 

86 

100 

Andropogon  scoparius 

99 

59 

Sorghastrum  nutans 

98 

57 

Panicum  lanuginosum 

var.  fasciculatum 

98 

46 

Poa  pratensis 

79 

48 

Carex  hirsutella 

98 

21 

Trifolium  repens 

49 

13 

Antennaria  neglecta 

99 

13 

the  ungrazed  prairie,  was  probably  an  important  interaction. 

Attempts  have  been  made  to  integrate  the  characteristics  of 
abundance  and  frequency  in  estimations  and  measurements;  even 
such  terms  as  "sparse,"  "frequent,"  "abundant,"  and  others, 
usually  include  connotations  of  both  dispersal  and  numerical 
abundance  or  cover.  Objective  methods  have  been  devised  for  in- 
tegrating quantitative  data  on  abundance  and  frequency,"  and 
the  frequency-abundance  index  has  been  used  to  advantage  in 
comparing  the  importance  of  one  or  more  species  in  various 
communities.  ^°^  This  is  exemplified  in  the  following  table  show- 
ing ratings  of  five  species  in  three  communities  in  western  North 
Dakota,  on  the  basis  of  100  as  the  maximum  (Figure  2-6).  These 
index  figures  were  used  as  one  of  the  chief  criteria  in  classifying 
36  stands  into  9  community-types. 

The  frequency-abundance  index  was  also  used  effectively  in 
comparing  a  virgin  grassland  with  two  grazed  grasslands  in  the 


Bouteloua-Stipa- 
Carex 

Agropyron- Bouteloua- 
Carex 

Andropogon 
scopanus 

Bouteloua  gracilis 
Stipa  comata 
Agropyron  smithii 
Carex  Jilifolia 
Andropogon  scopanus 

100 
70 

8 
28 

0 

100 

1 

100 

97 

0 

3 

0 

3 

23 

100 

Analytic  CHaaracteristics  of  tHe  Community    •    115 


Badlands  of  western  North  Dakota/ ^^  and  some  of  the  results  are 
shown  below. 


Virgin 
Grassland 

Intermittently 
Used  Grassland 

Continuously  Used 
Grassland 

Bouteloua  gracilis 

47 

66 

100 

Agropyron  smithii 
Stipa  comata 

83 
14 

68 
25 

4 
2 

Carex  eleochans  and 

C.  pennsylvanica 

72 

32 

2 

These  figures,  however,  tend  to  obscure  certain  differences  in  the 
vegetation,  for  Stipa  had  the  same  frequency  in  the  virgin  and  in- 
termittently used  grasslands,  but  the  abundance  was  greater  in 
the  latter,  thus  making  the  index  number  higher  in  the  latter.  In- 
tegrated index  figures  are  often  useful,  but  they  cannot  replace 
the  need  for  data  on  each  characteristic  separately. 

The  description  of  a  stand  requires  the  inclusion  of  data  on 
frequency,  which  may  be  clearly  shown  in  stand  tables,  such  as 
Table  3-1.  These  tables  are  indispensable  in  depicting  the  com- 
position of  a  stand  for  the  kinds  of  species,  and  their  cover  values 
are  listed  according  to  groups  such  as  shrubs  or  half-shrubs, 
grasses,  forbs,  mosses,  and  lichens.  The  tables  also  give  a  good  idea 
of  the  pattern  of  distribution  of  all  the  species  in  the  stand;  for 
example,  in  Table  3-1  it  is  immediately  noticed  that  Loiseleuna 
procumbens  is  not  only  the  most  abundant  and  dominant  vascular 
plant,  but  that  it  occurs  in  clumps  for  the  cover  ranges  from  1  to 
4,  while  a  lesser  degree  of  aggregation  occurs  in  the  other  species. 
On  the  whole  this  stand  was  fairly  uniform  because  a  number  of 
species  have  average  frequencies  above  80  per  cent — as  indicated 
by  the  relative  sparseness  of  blank  spaces  in  the  table.  The  table 
also  shows  the  occurrence  of  bare  ground  in  various  parts  of  the 
stand,  indicating  the  effect  of  adverse  influences  such  as  the 
activity  of  rodents  or  grazing  and  trampling  by  reindeer.  It 
would  have  been  desirable  to  give  the  cover  of  each  species  of 
Uchen  and  moss  separately,  but  time  did  not  permit,  and  further- 
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more  this  would  have  been  extremely  difficult  because  of  the 
large  number  of  intergrown  species  in  the  2-in. -thick  layer. 

Table  3-1 .  A  Loiseleuria  procumbens-Cladonia  spp.  Stand  About  10  so.  rods  in 
Area,  10  Miles  East  of  Nome,  Alaska.  (On  shallow  soil  consisting  of  dork 
brown  loam  to  about  5  in.,  and  mostly  of  loose,  crumbling  schist  from 
5  to  14  in.  down.  July  30,  1951.) 


Species 

(1) 

(2)  (3)  (4) 

(5)  (6)  (7)  (8)  (9)  (10) 

Avg 
Cover 

Frequency 

% 

Loiseleuria  procumbens 

4 

4 

1 

1 

4 

2 

3 

2 

4 

1 

2.6 

100 

Empetrum  nigrum 

1 

2 

2 

1 

2 

2 

1 

2 

1.3 

80 

Betula  nana  exilis 

1 

1 

1 

1 

2 

2 

1 

1 

1 

3 

1.4 

100 

Ledum  decumbens 

1 

1 

1 

1 

1 

1 

1 

2 

1 

2 

1.2 

100 

Vaccinium  vitis-idaea 

1 

1 

1 

1 

2 

2 

2 

1 

1 

1 

1.3 

100 

Vaccimum  uliginosurn 

1 

1 

1 

2 

1 

1 

0.7 

60 

Salix  pulchra 

1 

0.1 

10 

Salix  phlebophylla 

1 

O.I 

10 

Carex  montanensis 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1.0 

100 

Hierochloe  alpina 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0.9 

90 

Pedicularis  labradorica 

1 

1 

1 

1 

1 

0.5 

50 

Luzula  multiflora 

1 

1 

0.2 

20 

Festuca  allaica 

1 

0.1 

10 

Luzula  parviflora 

1 

0.1 

10 

Mosses 

1 

1 

1 

1 

1 

1 

3 

3 

1 

2 

1.5 

100 

Lichens 

6 

3 

6 

6 

6 

6 

5 

6 

5 

6 

5.5 

100 

Bare  ground 

1 

3 

1 

1 

1 

1 

0.8 

60 

No.  of  vascular  spp. 

per  m2 

8 

8 

9 

10 

8 

8 

10 

11 

8 

10 

Avg  no.  of  vascular 

spp.  per  m^ 

9.0 

Note:  Cover  values  are  according  to  the  Hult-Sernander  scale:  (1)  herbage  cover  less 
than  '/i6  of  the  m^  sample  area,  (2)  '/le  to  '/s,  (3)  '/s  to  'A,  (4)  'A  to  Vi,  (5)  '/2  to  Va,  (6)  V*  to 
^4.""  Additional  vascular  species  present  in  the  stand  but  not  in  any  sample  area  are: 
Arctagrostis  alpina,  Calamagrostis  canadensis,  Lycopodium  annolinum.  Lichens:  Cladonia  rangi- 
ferina,  C.  sylvalica,  C.  pleurota,  C.  cornuta  cylindrica,  C.  macilenta  squamigera,  C.  delessertii, 
Cetraria  cucullata,  Stereocaulon  tomentosum,  Pertusana  coccodes,  Pilophorus  cereolus,  Thamnolia 
vermicularis,  and  Nephroma  arcticum.  The  more  common  mosses  were  Polytrichum  piliferum, 
Hylocomium  splendens,  Drepanocladus  iincinatus,  Ptilidium  ciliare,  and  Bryum  sp.  The  moss-like 
Selaginella  selaginoides  was  also  common.'"" 
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Figure  3-4.  The  combination  of  several  characteristics  such 
as  kinds  of  species,  density,  herbage  cover,  and  height, 
make  favorable  habitats  for  wildlife;  10-day-old  fawn  of 
white-tail  deer,  near  Hunt,  Texas.  May,  1959.  (U.S.D.A. 
Soil  Conservation  Service.) 


While  there  are  important  relations  between  frequency  and 
population  density,  it  appears  that  data  on  one  can  be  transferred 
to  the  other  only  with  the  probability  of  considerable  error,  and, 
as  in  the  relation  of  height  to  weight,  it  does  not  appear  valid  to 
transfer  or  interpret  one  in  terms  of  the  other.  It  is  essential  to 
measure  each  characteristic  separately  for  truly  quantitative 
data,  although  this  requires  more  time  for  the  field  work 
(Figure  3-4). 

The  frequency  index  has  proven  very  valuable  in  comparing 
different  vegetation  types,  in  determining  the  effects  of  various 
treatments  or  management  practices  and  the  role  of  microtopog- 
raphy  in  causing  variations  in  the  plant  cover,  and  in  evaluating 
the  significance  of  species  in  various  communities  or  at  different 
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times  in  the  same  community.  For  best  results  in  vegetation 
analysis,  the  frequency  index  should  be  used  in  conjunction  with 
other  characteristics  such  as  population  density,  cover,  weight, 
height,  periodicity,  constancy,  and  fidelity.  When  time  is  limited 
for  field  work,  frequency  and  cover  are  particularly  serviceable 
in  furnishing  much  information  about  the  constituent  species  and 
about  the  nature  of  the  stands. 
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Synthetic  characteristics  are  generalizations  or  abstractions  that 
are  derived  from  data  on  analytic  qualities,  and  integrate  many 
of  the  analytic  characteristics^^  which  have  been  discussed  in  the 
previous  chapter.  They  are: 

( 1 )  Presence  and  constancy 

(2)  Fidelity  (Gesellschaftstreue) 

(3)  Dominance 

(4)  Physiognomy  and  pattern 

During  and  following  the  analysis  of  a  stand,  the  data  on  cover, 
numerical  abundance,  frequency,  etc.,  are  assembled  in  a  stand 
table  (see  Table  3-1).  After  a  number  of  stands  have  been 
analyzed,  the  tables  are  classified  according  to  the  community- 
types  and  the  averaged  or  summarized  data  are  assembled  into 
a  synthesis  or  association  table  (Table  4-1),  so  that  ten  or  more 
stands  are  represented  in  a  single  table.  Such  tables  of  the 
various  community-types  in  an  area  are  indispensable  in  formu- 
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lating  information  about  the  synthetic  characteristics:  presence 
and  constancy,  fideHty,  dominance,  physiognomy,  and  pat- 
tern.2425.11166  j^  Table  4-1  are  shown  the  approximately  average 


Table  4-1.  A  Synthesis  Table  of  the  Bouteloua  gracilis-Artemisia  dracunculus  ssp. 
glauca  ASSOCIATION  IN  THE  Lower  Foothill  Region  of  the  Front  Range, 
Colorado. '°^  (Cover  values  are  according  to  the  Hult-Sernander  scale 
as  explained  in  Table  3-1.) 


Stand  number 

(2) 

(23) 

(26) 

(28) 

(34) 

Date,  1953 

7-24 

8-3 

8-3 

8-4 

8-5 

Approx 

Area  of  sample,  m^ 

16 

22 

20 

20 

16 

Avg 

Con-   • 

Slope,  deg 

S,0-5 

W,15 

SW,20 

NE,l-2 

W,10 

Cover 

stancy 

Cover,  per  cent 

70 

70 

60 

70 

70 

Value 

Total  number  of  species 

18 

21 

22 

20 

27 

Agropyron  smithii 

1 

0.2 

20 

Aristida  longiseta 

1 

1 

2 

1 

1 

1.2 

100 

Bouteloua  curtipendula 

1 

1 

1 

1 

1 

1.0 

100 

Bouteloua  gracilis 

5 

5 

4 

5 

4 

4.6 

100 

Bouteloua  hirsuta 

1 

0.2 

20 

Bromus  japonicus 

1 

1 

1 

1 

1 

1.0 

100 

Bromus  tectorum 

1 

1 

1 

1 

0.8 

80 

Buchloe  dactyloides 

3 

0.6 

20 

Carex  heliophylla 

1 

0.2 

20 

Hordeum  pusillum 

1 

1 

0.4 

40 

Koeleria  cristata 

1 

0.2 

20 

Schedonnardus  pamculatus 

1 

0.2 

20 

Sitanwn  hystrix 

1 

1 

1 

0.6 

60 

Sporobolus  cryptandrus 

1 

0.2 

20 

Stipa  comata 

1 

2 

2 

1 

1.2 

80 

Allium  geyeri 

1 

0.2 

20 

A  rtemisia  frigida 

1 

1 

1 

1 

1 

1.0 

100 

Artemisia  d.  glauca 

1 

2 

2 

2 

2 

1.8 

100 

Artemisia  ludoviciana 

1 

0.2 

20 

Astragalus  shortianus 

1 

0.2 

20 

Camelina  microcarpa 

1 

1 

0.4 

40 

Comandra  pallida 

1 

0.2 

20 

Draba  nemorosa 

1 

1 

0.4 

40 

Eriogonum  alatum 

1 

0.2 

20 

Eriogonum  effusum 

1 

1 

0.4 

40 

Euphorbia  robusta 

1 

0.2 

20 

Evolvulus  nuttallianus 

1 

1 

1 

1 

0.8 

80 
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Table  4-1  (Confin.) 


Stand  number 

(2) 

(23) 

(26) 

(28) 

(34) 

Date,  1953 

7-24 

8-3 

8-3 

8-4 

8-5 

Approx 

Area  of  sample,  m^ 

16 

22 

20 

20 

16 

Avg 

Con- 

Slope, deg 

S,0-5 

W,15 

SW,20 

NE,l-2 

W,10 

Cover 

stancy 

Cover,  per  cent 

70 

70 

60 

70 

70 

Value 

Total  number  of  species 

18 

21 

22 

20 

27 

Gaura  coccinea 

1 

1 

1 

1 

1 

1.0 

100 

Gutierrezia  sarothrae 

1 

0.1 

20 

Haplopappus  spinulosus 

1 

1 

1 

0.6 

60 

Helianthus  petiolaris 

1 

0.2 

20 

Helianthus  pumilus 

1 

1 

0.4 

40 

Liatris  punctata 

1 

0.2 

20 

Lithospermum  incisum 

1 

1 

0.4 

40 

Mertensia  lanceolata 

1 

0.2 

20 

Mirabilis  linearis 

1 

0.2 

20 

Oenothera  brachycarpa 

1 

0.2 

20 

Oxytropis  lambertii 

1 

0.2 

20 

Psoralea  tenmflora 

1 

1 

1 

1 

1 

1.0 

100 

Ratibida  columnifera 

1 

0.2 

20 

Scutellaria  brittonii 

1 

0.2 

20 

Senecio  fendleri 

1 

0.2 

20 

Sphaeralcea  coccinea 

1 

1 

1 

1 

1 

1.0 

100 

Thelesperma  megapotamicum 

1 

0.2 

20 

Tragia  urticifolia 

1 

0.2 

20 

Viola  nuttallii 

1 

0.2 

20 

Neobesseya  missouriensis 

1 

1 

0.4 

40 

Opuntia  polyacantha 

1 

1 

0.4 

40 

Opuntia  rajinesquei 

1 

0.2 

20 

Cladonia  pyxidata  pocillum 

1 

0.2 

20 

JVostoc  sp. 

1 

0.2 

20 

cover  values  of  the  species  within  a  single  large  sample  in  each 
of  five  different  stands  in  the  Bouteloua  gracilis-Artemisia  dracunculus 
spp.  glauca  community-type.  The  table  reveals  at  once  that  only 
a  few  species  are  generally  prevalent  throughout  the  five  stands, 
and  still  fewer  provide  much  herbage  cover,  all  this  giving  a  fairly 
good  representation  of  this  community-type.  The  large  number 
of  gaps  in  the  table  indicate  the  scattered  and  sparse  occurrence 
of  most  of  the  species. 


SyntKetic  CHaracteristi 


of  time  CosnMnunity    •   123 


The  soils  (Brown  Soils  group)  in  these  stands  contained  a 
moderate  number  of  gravel  particles  and  rocks  both  on  the  sur- 
face and  to  a  depth  of  18  in.  Between  the  surface  and  12  in.  the 
sandy  clay  loam  was  dark  reddish-brown  to  red;  between  12 
and  18  in.  the  soil  varied  from  sandy  clay  loam  to  clay  loam,  red- 
dish-brown to  weak  red  in  color;  the  lime  content  was  usually  high 
throughout  and  the  pH  was  8.0  to  8.2. 

Presence  and  Constancy 

As  stated  in  Chapter  3,  frequency  refers  to  the  degree  of 
uniformity  of  distribution  of  a  species  within  one  stand;  presence 
and  constancy  refer  to  how  uniformly  a  species  occurs  in  a  num- 
ber of  stands  of  the  same  type  of  community,  for  example,  when 
a  species  is  found  in  18  of  20  stands  in  one  community  type  the 
presence  or  constancy  is  90  per  cent.  The  term  constancy  is  em- 
ployed when  equal,  measured  sample  areas  are  used  in  each 
stand,  presence  is  used  when  the  area  of  the  sampling  unit 
varies  from  stand  to  stand,  and  especially  when  it  is  not  meas- 
ured. It  is  preferable,  when  possible,  to  use  measured  units 
so  comparisons  can  be  made  more  readily,  and  for  possible 
statistical  analysis.  Often,  however,  the  sampling  units  can- 
not have  the  same  area  because  of  the  nature  of  the  vegeta- 
tion, as,  for  example,  small  irregular  stands  in  rock  crevices  or  on 
sand  deposits  along  a  stream.  When  a  single  sampling  unit  per 
stand  is  employed,  it  should  be  large  enough  to  include  most  of 
the  species  in  the  stand.  This  is  called  the  minimal  area,  which 
is  determined  by  using  the  species  number: area  curve,  the  num- 
ber being  represented  on  the  ordinates  axis,  the  area  on  the 
abscissas.  The  point  where  the  curve  begins  to  flatten  denotes 
approximately  the  minimal  area,  which  may  vary  from  less  than 
10,  to  25  sq  m  or  more  in  various  kinds  of  vegetation.  Whenever 
possible,  at  least  ten  stands  should  be  analyzed  for  each  kind  of 
community. 

Species  may  be  classified  into  five  classes  of  constancy  ac- 
cording to  the  percentage  of  stands  in  which  they  occur,  as 
follows: 
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Species  are  present 

I.  In  less  than  20  per  cent  of  the  stands 
II.  In  21  to  40  per  cent 

III.  In  41  to  60  per  cent 

IV.  In  61  to  80  per  cent 
V.  In  81  to  100  per  cent 

A  fairly  large  number  of  species  in  classes  IV  and  V  indicates 
floristic  homogeneity  in  the  community-type;^^  for  example,  in 
the  type  represented  in  Table  4-1,  the  distribution  is:  I,  29;  II,  8; 
III,  2;  IV,  3;  and  V,  9.  (All  of  the  species  with  a  constancy  of  20 
were  placed  in  class  I  because  of  the  small  number  of  stands.)  A 
high  degree  of  constancy  indicates  that  a  species  has  wide 
ecological  amplitude  and  is  therefore  capable  of  growing  in 
various  microhabitats,  or  that  the  various  stands  occur  in  sites  that 
are  very  similar  in  environmental  conditions  so  that  species  of 
narrow  amplitude  can  grow  in  all  of  them. 

Species  that  occur  in  90  per  cent  or  more  of  the  stands  in 
Central  Europe,  or  in  over  80  per  cent  in  Scandinavia,  are  called 
constant  species,  and  those  with  high  cover  values  or  numerical 
abundance  are  usually  good  competitors  and  often  dominants. 
These  species  are  important  in  characterizing  and  distinguishing 
community-types, ^°^-'°^  as  indicated  by  the  lists  of  constants  in 
two  community-types  in  the  lower  foothills  of  Colorado,  shown 
below: 


Bouteloua  gracilis- A  rtemisia  d. 
glauca  community 

Andropogon  community 

Bouteloua  gracilis  (dominant) 

Andropogon  scoparius  (dominant) 

Artemisia  d.  glauca  (dominant) 

Andropogon  gerardi 

Bouteloua  curtipendula 

Bouteloua  curtipendula 

Aristida  longiseta 

Bouteloua  gracilis 

Bronius  japan  icus 

Koeleria  cristata 

A  rtemisia  frigida 

Stipa  comata 

Gaura  coccinea 

Artemisia  frigida 

Psoralea  tenuiflora 

Psoralea  tenuiflora 

Sphaeralcea  coccinea 

Artemisia  ludoviciana 

Paronychia  jamesii 
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Similarity  or  "relationship"  increases  between  community-types 
as  the  number  of  constant  species  present  in  common  becomes 
greater,  so  they  form  an  important  criterion  in  the  classification 
of  the  types  (associations,  sociations)  into  higher  categories 
(alliances),  which  is  discussed  further  in  Chapter  6.^^ 

Fidelity 

Fidelity  refers  to  the  degree  that  a  species  is  restricted  in  its 
occurrence  to  a  particular  kind  of  community  (Figures  1-27  and 
2-4);  those  with  low  fidelity  occur  in  a  number  of  different  com- 
munities, those  with  high  fidelity  in  a  few  or  in  only  one  kind.  This 
is  because  species  differ  in  ecological  amplitude  or  in  capacity  to 
grow  in  a  wide  range  of  ecological  conditions,  or  because  some 
species  are  able  to  associate  with  others  or  are  prevented  from 
doing  so  because  of  inability  to  compete.  Other  causes  are 
dissimilarities  in  adaptations  for  migration  and  invasion,  and 
also  may  be  found  in  the  history  of  geographical  dispersal, 
including  extinction  of  a  species  in  local  areas.  Fidelity  and  con- 
stancy are  independent  characteristics,  fidelity  being  concerned 
with  the  occurrence  of  a  species  in  different  kinds  of  community- 
types,  constancy  with  various  stands  in  the  same  kind  of 
community-type.  Fidelity  can  be  determined  only  by  analyzing 
stands  in  several  to  many  types  within  a  region,  constancy  by  the 
analysis  of  several  stands  in  the  same  community-type. 

Five  grades  or  classes  of  fidelity  are  used  in  the  Braun-Blanquet 
scheme  of  classification, ^^-^^  as  follows: 

(A)  Characteristic  species  (character,  faithful  species' ^^) 

(5)  Exclusive  (treu),  completely  or  almost  completely 
restricted  to  one  kind  of  community 

(4)  Selective  (feste),  occurring  most  frequently  in  one 
kind  of  community,  but  also,  though  rarely,  in  other 
kinds 

(3)  Preferential  (holde),  occurring  more  or  less  abun- 
dantly in  several  kinds  of  communities  but  with  opti- 
mum conditions  for  abundance  and  vitality  in  one 
certain  kind  of  community 
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(B)  Companion  species 

(2)  Indifferent  (vage),  occurring  without  pronounced 
affinity  or  preference  for  any  particular  kind  of 
community 

(C)  Accidental  species 

(1)  Strange  (fremde),  rare  and  accidental  intruders 
from  another  community  or  relicts  from  an  earlier 
stage  of  succession. 

The  characteristic  species,  including  the  exclusive,  selective,  and 
preferential,  together  with  those  high  in  constancy,  including  the 
dominants,  are  the  most  important  in  characterizing  a  com- 
munity-type. The  greater  the  ratio  of  the  total  number  of 
constant  species  to  the  total  number  in  a  particular  community, 
the  more  developed  is  its  homogeneity;  and  a  large  number  of 
characteristic  species  makes  the  floristic  delineation  of  a  type 
sharper  than  a  few.  Community-types  which  have  high  ratios  of 
both  constant  and  characteristic  species  are  well  established,  and 
consequently  are  unlikely  to  occur  in  newly  formed  habitats  or 
in  early  stages  of  succession.  Species  of  high  fidelity  may  have  con- 
siderable value  in  indicating  ecological  conditions,  e.g.,  the 
restriction  of  certain  species  to  particular  soil  conditions,  but 
fidelity  is  primarily  a  sociological  quality  and  indicator  species 
is  a  more  appropriate  term  for  plants  that  are  associated  with 
such  conditions.  Some  plant  sociologists  consider  a  high  degree 
of  constancy  and  dominance  as  more  important  than  fidelity  in 
characterizing  communities; '^^-^^^  however,  for  completeness  in 
characterization  both  constancy  and  fidelity  should  be  used  as 
much  as  possible,  for  one  complements  the  other. 

A  few  examples  indicating  the  importance  of  fidelity  will  be 
given.  In  Iowa,  some  rather  rare  species  of  high  fidelity  are  the 
first  to  disappear  when  the  prairie  is  disturbed,  and  they  also  en- 
counter great  difficulty  in  becoming  re-established;  therefore, 
such  plants  are  particularly  important  in  describing  highly 
developed  prairie.  In  attempting  re-establishment,  a  grouping  of 
appropriate    grasses   might   be   considered   satisfactory,    but   a 
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genuine  prairie  must  also  contain  the  high-fidelity,  exclusive 
species.  For  example,  ground  plum  {Astragalus  crassicarpus),  prairie 
violet  {Viola  pedatifida),  rough  pennyroyal  {Hedeoma  hispida),  and 
lousewort  {Pediculans  canadensis)  are  all  fairly  common  on  upland 
prairie  in  Iowa;  but  the  first  two  are  the  most  exclusive.  The  other 
two  rate  much  lower  in  fidelity,  Hedeoma  growing  readily  as  a 
weed  in  dry  soil,  and  Pedicularis  occurring  in  woodlands  farther 
eastward.'  In  western  North  Dakota,  Andropogon  gerardi  and  Stipa 
spartea  were  restricted  to  one  of  nine  types  of  vegetation,  thus 
rating  in  class  4;  Distichlis  stricta  was  restricted  to  two  types,  and 
so  rated  in  class  3;  Bouteloua  gracilis  and  Agropyron  smithii  grew  in 
all  the  types  present,  but  having  greatest  abundance  and  vitality 
in  only  one  type,  they  also  rated  in  class  3.'°^  A  species  growing 
near  the  limits  of  its  geographical  range,  such  as  Andropogon 
gerardi  and  Stipa  spartea  in  western  North  Dakota,  can  be  expected 
to  occur  in  fewer  kinds  of  communities  than  when  it  is  growing 
near  the  center  (Figure  2-6). 

Dominance 

Dominance  is  the  characteristic  of  vegetation  which  expresses 
the  predominating  influence  of  one  or  more  species  in  a  stand  so 
that  populations  of  other  species  are  more  or  less  suppressed  or 
reduced  in  number  or  vitality.  Dominants  are  those  species  which 
are  so  highly  successful  ecologically  in  their  relations  to  the  en- 
vironment and  with  other  species  that  they  determine  to  a  con- 
siderable extent  the  conditions  under  which  associated  species 
must  grow.  In  a  mature  grassland  (Figure  3-3),  dominant  species 
are  few,  in  tropical  rain  forest,  many.  Cover  and  population 
density  are  the  chief  qualities  determining  dominance,  but  fre- 
quency, height,  life-form,  and  vitality  are  also  important.  Height 
alone  is  insufficient,  e.g.,  the  tall  goldenrods  and  asters  in  the 
prairie  are  not  sufficiently  numerous  nor  are  the  root  systems  well 
enough  adapted  to  enable  them  to  dominate  the  densely  grow- 
ing grasses.  In  savanna  (Figure  1-12)  the  scattered  trees  or  tall 
shrubs  may  be  considered  as  physiognomic  dominants  together 
with  the  grasses,  but  the  ecologic  dominants  are  the  grasses,  for 
they  exert  more  inffuence  on  the  habitat  and  on  other  plants. 
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Figure  4-1.  Big  bluestem  (An- 
dropogon  gerardi),  one  of  the 
chief  dominants  in  the  tallgrass 
prairie,  is  a  most  successful  grass 
because  of  its  numerous  well- 
adapted  qualities.  (U.S.D.A.  Soil 
Conservation  Service.) 


When  shrubs  or  trees  such  as  mesquite  or  juniper  grow  closely 
enough  together  to  form  a  canopy  they  become  dominants  in  the 
uppermost  layer,  while  the  grasses  are  usually  dominants  in  the 
ground  layer. 

The  synthetic  tables  in  which  kinds  of  species,  population 
density  or  cover,  and  frequency  are  shown  furnish  an  excellent 
aid  in  the  quantitative  determination  of  dominants  (Tables  3-1 
and  4-1).  The  constants  (species  occurring  in  more  than  80  per 
cent  of  the  stands)  with  the  highest  cover  or  numerical  abun- 
dance may  be  designated  as  dominants.  Each  layer  is  considered 
as  having  its  own  dominants — a  common  practice,  especially  in 
Scandinavia. ^^^'^2  ^^  example  may  be  given  from  northern 
Colorado.'*^'  The  Stipa-Bouteloua  type  Stipa  comata,  with  an 
average  cover  of  about  25  per  cent  and  a  constancy  of  1 1.0  per 
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cent,  was  the  chief  dominant,  growing  in  the  uppermost  layer, 
while  the  other  dominants,  Bouteloua  gracilis  and  B.  curtipendula, 
with  about  10  per  cent  in  cover  and  100  per  cent  in  constancy, 
were  in  a  lower  layer.  Most  of  the  other  species  covered  less  than 
about  3  per  cent,  although  the  frequency  of  some  was  high. 

Most  of  the  analytical  qualities,  however,  play  a  part  in  deter- 
mining dominance.  An  excellent  example  is  Andropogon  gerardi 
which,  for  many  reasons,  is  the  most  important  dominant  in 
broad  lowland  valleys  in  the  tallgrass  prairie  region  of  the  United 
States  (Figure  4-1).  It  forms  the  topmost  layer  of  herbage,  has  a 
deep  and  dense  root  system,  tillers  early,  and  has  a  long  growing 
season.  It  also  possesses  excellent  vigor,  sod  life-form,  and  a  high 
degree  of  sociability;  it  forms  almost  complete  foliage  cover,  has 
good  ground  cover,  has  a  frequency  index  of  100  per  cent,  and 
produces  a  large  yield  in  dry  weight  of  from  400  to  725  g  per  sq  m. 
Another  outstanding  dominant,  occurring  in  pastures,  is  orchard- 
grass,  which  owes  its  success  to  excellent  vitality,  rapid  growth  of 
roots  and  shoots  which  starts  early  in  the  spring,  a  widely 
spreading  and  deeply  penetrating  root  system,  large  crowns  and 
good  herbage  cover,  high  frequency,  and  dense  bunches.  The 
annual,  Bromus  tectorum,  apparently  first  noticed  in  the  United 
States  around  the  year  1900,  has  become  dominant  on  millions 
of  acres  of  the  western  range  because  of  its  large  seed  production, 
rapid  germination  and  growth  of  shoots  and  roots  when  condi- 
tions are  favorable,  early  maturity,  and  adjustment  to  drought 
and  other  unfavorable  conditions  such  as  overgrazing. 

Physiognomy  and  Pattern 

Physiognomy,  the  appearance  or  "look"  of  a  stand,  may  be 
considered  a  synthetic  quality  because  the  appearance  of  vegeta- 
tion is  based  on  a  number  of  qualitative  and  quantitative 
characteristics  such  as  the  kinds  and  dominance  of  species,  life- 
form,  population  density,  cover,  height,  sociability,  stratification, 
association  of  species,  and  color.  For  example,  the  sod-like  blue 
gramagrass-buffalograss  type  on  the  Great  Plains  differs  strikingly 
in  physiognomy  from  the  little  bluestem-bunchgrass  type — in  life- 
form,  in  the  area  of  ground  left  bare,  in  height,  in  number  of 

130    •   TKe  Comxnunity 


species,  and  in  stratification.  Another  example  is  seen  in  western 
wheatgrass  and  cheatgrass  which  form  stands  of  single-  or  few- 
stalked  plants  growing  close  together  with  a  high  degree  of 
uniformity,  very  different  from  the  clumped  bluebunch-wheat- 
grass  stands. 

Physiognomy,  although  useful  in  recognizing  and  delineating 
different  kinds  of  communities,  cannot  be  substituted  for  analytic 
characters  in  sociological  analysis,  but  it  is  valuable  in  prelimi- 
nary investigations  or  reconnaissance,  both  on  the  ground  and  by 
airplane,  to  be  followed  by  sociological  analysis.  Physiognomy  is 
also  useful  in  broad  and  general  descriptions  of  vegetation  as  an 
introduction  to  thorough  understanding  of  a  stand.  Complete 
sociological  analyses,  accompanied  by  physiognomic  descriptions, 
are  still  needed  for  most  vegetation  types  in  North  America. 

Pattern  in  vegetation  occurs  in  the  form  of  groups  or  clumps 
of  individuals,  or  in  any  other  nonrandom  arrangement  of 
plants. ^^  Physiognomic  contrast  between  groups,  such  as  shrubs 
in  a  grassland  (Figure  1-8),  or  zones  around  a  lake,  accentuates 
pattern  and  is  readily  seen;  but  slight  differences  in  density, 
cover,  or  frequency  often  require  quantitative  methods  of  deter- 
mination before  the  pattern  is  detected.  If  the  pattern  is  small  in 
scale,  sampling  with  a  small  quadrat  is  necessary  to  determine  it, 
but  if  the  pattern  is  both  large  in  scale  and  high  in  intensity,  such 
as  patches  of  dense  aggregations  of  individuals  of  a  species 
separated  by  areas  where  they  are  absent,  a  large  quadrat  is 
needed.  If,  however,  the  pattern  is  large  in  scale  but  consisting, 
for  example,  of  patches  of  one  or  more  species  of  higher  and 
lower  density  in  a  mosaic,  a  much  smaller  quadrat  size  is  required. 
In  analyzing  vegetation  for  pattern,  the  qualities,  density,  cover, 
and  frequency  are  most  serviceable  criterions. 

Causes  of  pattern  may  be  grouped  under  three  headings:  (1) 
morphological,  in  which  the  growth  of  a  propagative  organ  such 
as  a  rhizome  is  very  important;  (2)  sociological,  in  which  com- 
petition and  association  of  species  are  of  great  import;  and  (3) 
physiographic  (Figure  1-4),  in  which  topographic  variations  in 
soil  moisture,  concentration  of  nutrients,  soil  texture  and  struc- 
ture, and  others,  are  concerned.  ^25,126  jj^  ^j^g  initial  colonization 
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of  an  area  (Figure  2-2)  the  distribution  of  a  species  may  be  at  ran- 
dom and  without  noticeable  pattern  unless  some  spots  are  more 
favorable  for  growth  than  others,  but  contagious  aggregation 
soon  appears  and  results  in  morphological  and  physiographic 
patterns;  following  this,  competition,  replacement  of  species,  and 
association  of  species  lead  to  sociologic  patterns.  However,  as  the 
climax  is  approached  the  pattern  becomes  less  pronounced,  but 
even  in  the  climax  the  three  kinds  of  pattern  usually  exist. 
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An  important  feature  of  vegetation  is  change.  Within  a  growing 
season  the  aspect  of  a  community  changes  from  spring  to  autumn 
because  of  differences  in  the  requirements  and  ecological  ampli- 
tudes of  the  various  constituent  species,  some  growing  rapidly 
and  flowering  early,  others  developing  more  slowly.  The  begin- 
ning of  growth,  flowering,  and  fruiting  of  the  same  kind  of  plant 
comes  at  different  times  from  year  to  year  because  the  environ- 
mental conditions,  particularly  temperature  and  precipitation, 
vary.  On  account  of  drought,  disease,  and  other  adverse  factors, 
or  old  age,  some  plants  may  fail  to  produce  seed,  or  even  die,  and 
the  space  they  occupied  may  be  taken  by  other  species  the  follow- 
ing year.  Even  the  plants  themselves,  such  as  a  dense  stand  of 
pines,  modify  the  environment,  especially  by  reducing  the  light 
intensity  so  that  they  cannot  reproduce,  and  consequently,  in 
time,  they  are  replaced  by  deciduous  trees. 

Some  types  of  vegetation  at  first  appear  uniform  over  large 
areas,  but  close  examination  reveals  variation  from  place  to 
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place  because  the  topographic  and  soil  conditions  change.  Com- 
munities may  be  confined  to  relatively  small  areas  because  of  the 
alterations  in  the  environment,  as  is  readily  noted  when  one 
ascends  a  mountain  or  proceeds  from  a  marshy  lake  shore  to  high 
land.  The  environmental  conditions  may  change  gradually  in 
space,  with  corresponding  alteration  in  the  plant  cover,  forming 
a  cline,  or  the  change  may  be  abrupt  so  that  sharp  transitions 
or  discontinuities  are  produced. 

It  is  evident  that  there  are  many  kinds  of  change  that  occur 
in  vegetation  both  in  time  in  one  place  and  in  space  from  one  area 
to  another,  and  that  they  are  related  to  alterations  in  environ- 
mental factors.  These  changes  may  be  classified  in  three  main 
groups.  The  first  includes  changes  in  time  in  a  specific  commu- 
nity that  are  directional  with  respect  to  loss  of  some  of  the  pres- 
ent species  and  the  invasion  of  new  ones,  with  accompanying 
increase  in  complexity,  as  in  ecologic  succession  where  the 
directional  change  is  from  the  less  complex  and  less  stable  vege- 
tation to  the  more  complex  and  more  stable,  culminating  in  the 
climax  or  steady-state,  while  retrogression  is  the  reverse  of  this. 
The  second  group  includes  nondirectional  changes  which  occur 
over  a  period  of  time  within  one  community,  and  may  be  cyclic 
or  noncyclic  replacement,  and  fluctuations;  or  the  changes  may 
involve  several  communities  in  one  area,  forming  another  kind 
of  cyclic  replacement.  The  third  main  group  consists  of  changes 
in  space,  i.e.,  from  area  to  area,  such  as  gradual  or  sharp  transi- 
tions in  vegetation-types,  among  which  are  vertical  and  horizontal 
transitions,  clines,  and  discontinuities.  The  treatment  in  the  fol- 
lowing pages  will  be  in  accordance  with  these  concepts. 

Another  classification  of  time  changes  was  proposed  by  laro- 
shenko"^^  and  described  by  Major.  ^^^  i^  any  natural  vegetation 
these  may  occur  at  five  definable  levels:  (1)  seasonal,  as  seen  in 
aspection;  (2)  annual  or  cyclic— related  to  variations  in  climatic 
or  biotic  factors;  (3)  successional;  (4)  historical— migration  or 
extinction  in  relation  to  long-term  climatic  change;  and  (5) 
genetic — the  evolution  of  a  new  flora. 

One  of  the  important  and  difficult  tasks  of  the  student  of 
vegetation  is  to  determine  as  fully  as  possible  the  status  of  each 
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plant  community  with  reference  to  the  series  of  changes  that 
have  been,  and  are,  taking  place.  In  addition  to  sociological 
analysis,  a  complete  description  of  vegetation  must  include  dis- 
cussion of  the  dynamics  within  and  between  communities,  with 
particular  reference  to  their  position  as  a  successional  stage  or  a 
climax. 

ENVIRONMENTAL  GRADIENTS  AND  HABITAT  PATTERNS 

The  habitat  is  the  place  occupied  by  a  population  or  a  com- 
munity in  which  a  particular  combination  of  environmental 
conditions  is  present,  such  as  the  foothill  slopes  where  ponderosa 
pines  are  growing,  or  a  marshy  lakeshore  covered  with  sedges  and 
associated  species.  The  environmental  conditions  within  one  kind 
of  habitat  exhibit  variation  from  spot  to  spot,  either  irregularly 
and  suddenly,  or  gradually,  as  may  be  seen  in  going  from  a  lake- 
shore  inland.  The  extent  of  a  habitat  is  delimited  by  the  ecological 
amplitude  of  one  or  more  of  the  species  under  consideration;  for 
example,  the  habitat  where  Pinus  ponderosa  is  dominant  comprises 
the  rocky  foothills  in  many  of  the  western  states,  varying  consider- 
ably in  altitude  and  latitude,  with  fairly  wide  ranges  in  precipi- 
tation, temperature,  and  other  factors,  each  of  which  may  change 
at  a  different  rate  than  the  others.  For  example,  the  temperature 
conditions  may  vary  appreciably  in  an  altitudinal  range  of  2000 
feet,  while  the  soil  texture  and  humus  content  remain  about  the 
same.  Major  and  minor  habitats  occur,  the  former  marked  by 
dominants  in  the  vegetation,  the  latter  by  minor  species  associated 
with  the  dominants  but  requiring  special  conditions  for  their 
growth,  such  as  mosses  and  lichens  in  openings  among  shrubs  in 
the  Subarctic,  or  between  bunches  of  grass  in  prairie. 

Since  climatic,  topographic,  edaphic  (soil),  and  biotic  condi- 
tions vary  to  a  greater  or  lesser  degree  within  a  landscape  (see 
Figures  1-1  and  5-1),  numerous  habitats  and  plant  communities 
are  formed  and  become  manifest  in  a  mosaic  or  zonation  of 
vegetation.  The  changes  in  vegetation  are  often  more  abrupt  than 
those  in  habitat  conditions,  because  when  the  ecological  ampli- 
tude or  requirements  of  one  or  more  species,  especially  dominants. 
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Figure  5-1.  Bare  areas  are  formed  in  this  region  of  pro- 
nounced changes  by  erosion,  deposition,  melting  of  glaciers, 
and  other  factors.  Note  dense  forest  on  lower  slopes.  Tracy 
Arm,  Alaska.  (U.  S.  Forest  Service.) 

are  surpassed,  other  species  take  over  and  competition  between 
species  tends  to  produce  sharper  boundaries  in  communities  than 
occur  in  habitat  conditions. ^^^  The  transition  from  one  type  of 
community  to  another  may  be  gradual,  especially  where  the 
gradient  changes  slightly  with  distance,  but  the  transition  may 
be  sharp  where  discontinuities'^^  in  the  environment  occur,  such 
as  considerable  differences  in  the  substratum  which  favor  the 
formation  of  discrete  vegetation  units. 

Types  of  Gradients  and  Their  Relations  to  Vegetation 

In  a  given  region  a  number  of  gradients  are  found,  and  within 
each  of  them  secondary  gradients  occur;  for  example,  local 
gradients  are  present  on  hillsides  within  the  gradual  gradient  of 
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increasing  elevation  from  Point  Barrow  to  the  Brooks  Range  in 
Alaska.  Some  gradients  are  on  a  large  scale,  such  as  this  one  in 
Alaska,  and  may  be  divided  into  sections.  The  major  gradient  in 
Spitzbergen,  climatic  in  nature,  v^^as  divided  into  four  parts,  based 
on  the  kinds  and  relative  abundance  of  species,  namely  the 
barren,  Dryas,  Cassiope,  and  Empetrum  zones.  This  gradient  also  is 
found,  on  a  broader  scale,  in  the  Spitzbergen  Archipelago,  Green- 
land, arctic  Canada,  and  in  the  mountains  of  Scandinavia.'^'' 

Gradients  may  occur  on  a  medium  scale,  such  as  those  formed 
in  small  mountain  valleys  in  arctic  and  subarctic  regions  where 
snow  accumulates  during  the  winter.  From  the  bottom  of  the 
valleys  to  the  tops  of  the  ridges  changes  occur  in  the  depth  and 
time  of  melting  of  the  snow  cover  (see  Charts  1  and  2,  pp.  18 
and  19),  in  the  exposure  to  wind,  especially  in  winter,  and  in 
insolation,  temperature,  availability  of  water,  and  solifluction.'^' 

Gradients  ("microgradients,"  "intrastand  gradients,"  "micro- 
community  gradients" )  are  also  present  within  very  small  areas. 
These  may  be  caused  by  variations  in  microrelief,  in  texture  or 
organic  content  of  the  soil,  in  flow  of  surface  water,  or  in  other 
conditions;  and  are  especially  evident  in  the  Arctic  and  Sub- 
arctic in  frost  scars,  polygons,  peat  rings,  stone  stripes,  tundra 
mounds,  and  solifluction  terraces.  An  example  will  be  given  from 
Norwegian  Lapland  where  five  distinct  kinds  of  habitats  and 
vegetation  types  or  phases  occur  within  an  area  of  a  few  square 
meters  on  dolomite  slopes. ^^  fhg  f^j-st  phase  is  characterized  by 
barren,  shallow  mineral  soil,  occupied  by  many  plants  that  are 
intolerant  of  competition,  such  as  Draba  incana,  Dryas  octopetala, 
Festuca  ovina,  and  Saxifraga  oppositifolia.  Peat  begins  to  accumu- 
late, making  possible  the  invasion  of  plants  requiring  a  more 
organic  substratum — the  second  phase.  The  vegetation  then  be- 
comes closed  and  comprises  the  dominants  Carex  rupestris  and 
Dryas  octopetala,  with  Arctostaphylos  alpina  and  ^.  uva-ursi  promi- 
nent in  the  secondary  group.  The  third  phase,  with  deeper  peat, 
has  Empetrum  hermaphroditum  and  Vaccimum  uliginosum  as  domi- 
nants; and  in  the  fourth  phase,  where  considerable  decomposed 
organic  matter  is  present,  lichens,  especially  Cladoma  spp.,  are 
prominent.  Erosion  apparently  begins  and  continues  through  the 
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fifth  phase,  resuking  in  degradation  to  the  mineral  soil  and  re- 
newal of  the  cycle. 

The  rate  of  change  in  space  of  one  or  more  factors  may  be  very 
gradual  and  take  place  over  an  extensive  area,  or  it  may  be 
abrupt  and  very  limited  in  extent.  The  rate  of  change  usually 
varies  throughout  the  gradient,  rather  than  being  uniform,  be- 
cause of  the  variability  in  topography,  soils,  and  other  conditions. 
The  mixed  prairie  in  western  Nebraska  and  Kansas  has  been  in- 
terpreted as  a  broad  continuum  between  the  tallgrass  prairie 
and  the  shortgrass  vegetation  of  the  Great  Plains,  resulting  from 
an  elongated  gradual  gradient.  Where  the  change  is  abrupt, 
either  a  discontinuity  or  a  narrow  transition  belt  is  found,  as,  for 
example,  on  steep  mountain  slopes  where  a  series  of  sharp 
changes  occur  (see  Figure  5-1),  or  along  seacoasts  where  salinity 
and  soil  moisture  may  favor  distinct  zones. 

Relatively  rapid  changes  in  time  of  one  or  more  environmental 
factors  may  occur  which  are  unidirectional  rather  than  fluctua- 
tional  in  nature.  There  may  be  a  gradual  decrease  in  the  avail- 
ability of  soil  moisture,  as  in  the  hydrosere,  and  this  may  occur 
along  the  entire  gradient  or  at  various  rates  in  different  portions. 
Where  such  a  unidirectional  change  in  gradient  occurs  there  is 
an  associated  directional  change,  or  succession,  in  communities 
on  the  same  area;  for  example  the  cattail-reed  stage  is  replaced 
by  sedge-marsh,  which  in  turn  may  be  succeeded  by  a  shrub 
stage — the  first  of  these  probably  showing  a  more  rapid  decrease 
in  soil  moisture  than  the  others.  In  time  unidirectional  changes 
slow  down  or  terminate,  and  a  more  or  less  steady-state 
environmental  complex,  with  a  complex  of  climax  communities, 
prevails. 

Vegetation  is  an  indicator  of  considerable  reliability  of  the  gra- 
dients of  the  environment.  In  the  southern  Appalachians  it  has 
been  shown  that  the  populations  of  a  number  of  species  and 
communities  are  related  to  the  complex  pattern  of  environmental 
gradients. 203-204.206  £ach  factor  has  a  pattern  of  gradients  which 
is  related  to  those  of  other  factors,  so  that  a  great  complex  of  in- 
tergrading  habitats  results,  accompanied  by  a  very  complex 
arrangement  of  communities. 

The  differences,  therefore,  in  gradients  in  a  landscape,  many 
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of  them  caused  by  microrelief,  are  important  in  defining  com- 
munity boundaries  which  may  be  sharp  or  clear-cut,  transitional 
or  diffuse,  and  mosaic-insular. ^^^  It  appears  that  in  some  regions 
the  vegetation  may  be  a  complex  continuum  of  populations 
which  are  adjusted  to  the  intricate  pattern  of  environmental 
gradients. ''^  However,  because  of  the  competition  between  species 
differing  in  capacity  to  utilize  the  environmental  resources,  com- 
munities are  often  more  sharply  delimited  than  the  habitats.  An 
example  of  the  resulting  complexity  in  vegetation  is  seen  in  the 
Cairngorm  Mountains  in  Great  Britain,  well  described  by  Met- 
calfe^ ^^  as  follows:  "The  result  in  toto  is  a  vegetational  patchwork 
related  to  local  physiognomy,  the  units  of  which  repeat  over  the 
whole  area  as  the  physiognomic  features  repeat,  and  in  which  the 
units  can  be  differentiated  from  each  other,  not  only  by  the 
presence  or  absence  of  the  more  sensitive  or  dependent  species 
but  also  by  the  relative  abundance  and  cover  of  the  more  tolerant 
and  independent  species."  Even  the  smallest  and  poorest  com- 
munities, containing  only  the  most  common  species,  indicate  the 
ecologic  conditions  of  their  habitats  by  variation  in  quantitative 
composition.  Mosses  and  lichens,  lacking  root  systems,  are 
especially  sensitive  indicators  of  moisture  conditions.'^ 

In  summary,  several  to  many  environmental  factors  are  func- 
tionally decisive  in  every  area.  Each  environmental  factor  is 
usually  characterized  by  macro-,  meso-,  and  microgradients,  the 
smaller  ones  being  part  of  the  larger.  The  gradients  may  be  con- 
tinuous or  discontinuous,  and  they  are  generally  variable  rather 
than  uniform  throughout  their  extent.  In  some  cases  a  portion  or 
all  of  a  certain  gradient  may  change  with  time.  Each  factor 
tends  to  be  operative  within  a  limited  range  of  independence  of 
others.  Intergradation  of  the  gradients  of  all  factors  results  in  a 
complex  pattern  of  habitats  in  every  region.  A  nongradient  en- 
vironment probably  never  exists,  even  if  a  peneplain  should 
develop  by  geomorphic  processes.  Populations  and  communities 
are  in  dynamic  adjustment  to  the  intergrading  steady-state 
habitats,  and  also  to  changing  habitats  if  they  are  present,  so 
that  a  complex  pattern  of  climax  and  successional  vegetation 
types  results.  The  communities  tend  to  be  more  discrete  than  the 
habitats. 
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TYPES  OF  CHANGES 
Replacement  Change 

Replacement  change  within  a  community  is  the  loss  of  individ- 
uals which  have  died  from  other  than  catastrophic  causes  such 
as  a  forest  fire,  and  the  growth  in  their  place  of  individuals  which 
are  usually  of  the  same  community.  There  are  two  types  of  re- 
placement change,  noncyclic  and  cyclic;  they  are  operative  within 
the  other  types  of  changes  to  be  discussed,  and  they  are  not  in 
opposition  to  them. 

Noncyclic  replacement  may  be  considered  as  a  normal  replace- 
ment. When  an  individual  of  a  given  species  dies,  it  will  usually 
be  replaced  by  an  individual  of  a  species  which  is  a  member  of 
the  respective  community,  but  not  necessarily  of  the  same  species. 
The  death  of  the  chestnut  tree  (Castanea  dentata)  has  been  gradual 
in  the  deciduous  forest  of  the  Great  Smoky  Mountains,^^! 
with  swamp  chestnut  oak  {Quercus prinus),  red  oak  (Q.  rubra),  and 
red  maple  {Acer  rubrum)  as  the  most  common  replacement  species 
growing  in  the  openings. 

This  kind  of  change  is  on  an  individual  basis.  It  need  not  be 
on  a  one-to-one  basis,  but  certainly  over  a  period  of  time  it  will 
tend  to  develop  on  this  basis.  It  is  rather  obvious  that,  if  a  large 
dominant  plant  such  as  a  mature  tree  dies,  initially  seedlings  of 
several  species  will  appear,  but  in  due  time  a  single  dominant 
will  survive,  and  the  rate  of  replacement  is  dependent  upon  the 
life-spans  of  the  respective  species.  There  usually  is  neither  a  per- 
ceptible nor  a  significant  change  in  composition  or  abundance  of 
the  dominant  and  characteristic  species  within  a  climax  or  a 
long-persisting  stand,  therefore  a  continuation  of  this  process 
throughout  the  stand  results  in  no  significant  change  in  its 
physiognomic  character;  however,  in  the  case  of  the  chestnut  the 
floristic  change  is  very  significant.  It  is  logical  to  assume  that  re- 
placement change  is  operative  within  any  community  which 
persists  for  a  time  in  excess  of  the  life-spans  of  the  dominant  and 
characteristic  species. 

A  cyclic  replacement  change  is  significantly  different  from  the 
one  previously  discussed.  A  phasic  cycle  is  a  series  of  vegetation 
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and  habitat  changes  that  may  be  called  a  cyclic  system,  prob- 
ably first  described  in  detail  by  Watt.^^^  He  was  particularly  in- 
terested in  determining  how  the  community  maintains  and  re- 
generates  itself.    In   each   of  the   seven   communities   that   he 
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Chart  6.  A  cyclic  system  on  the  dwarf  Calluna  vulgaris  community  in  the 
Cairngorms,  Scotland.  (After  Watt,  A.  S.  (197),  "Pattern  and  Process  in  the 
Plant  Community,"  Figure  2,  Jour.  Ecol,  35,  1-22  (1947).) 

described,  the  different  kinds  of  patches  are  related  to  one  an- 
other, and  there  is  orderliness  in  the  changes  in  an  upgrade  series 
and  in  a  downgrade  series.  One  of  these  is  the  dwarf  Callunetum 
community  in  the  Cairngorms  (see  Chart  6).  Calluna  vulgaris  is  at 
the  peak  of  the  upgrade  series,  and  after  its  death  in  a  patch 
Cladonia  silvatica  becomes  dominant  on  the  Calluna  stems  if  pro- 
tected, otherwise  Cladonia  is  present  but  not  dominant.  Then 
Cladonia  disintegrates,  and  bare  soil  is  exposed,  with  some  re- 
maining Calluna  stems,  terminating  the  downgrade  series.  Arcto- 
staphylos uva-ursi  initiates  the  upgrade  series  by  invading  the  bare 
area  and  completely  occupying  it.   Then    Calluna  invades  the 
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Arctostaphylos  and  becomes  dominant,  completing  the  upgrade 
series  and  one  cycle.  There  are  environmental  gradient  changes 
associated  with  each  phase.  In  reality  the  phasic  cycle  in  the  dwarf 
Callunetum  may  consist  of  four,  three,  or  two  phases.  The  three- 
phase  cycle  consists  of  the  usual  Calluna  phase,  a  downgrade  series 
to  the  Cladonia  and  the  bare  soil  phases,  and  then  the  upgrade 
series  to  the  Calluna  phase,  without  that  of  the  Arctostaphylos.  The 
two-phase  cycle  consists  of  the  Calluna  phase,  a  downgrade  change 
to  the  Cladonia  one,  and  then  an  upgrade  change  to  the  Calluna 
phase  again  to  complete  the  cycle. 

A  cyclic  change  system  occurs  in  patchy  grassland  in  western 
North  Dakota.  In  many  areas  there  is  a  pattern  of  pitted  patches 
which  are  bare  or  covered  with  a  thin  stand  of  weeds  and  low 
shrubs  or  grasses.  The  normal  soil  has  a  cover  of  blue  gramagrass 
(Bouteloua  gracilis),  needle-and-thread  {Stipa  comata),  sedges  (Carex 
Jilifolia,  C.  stenophylla),  and  western  wheatgrass  {Agropyron 
smithii).^^^-^'^'^  In  the  downgrade  series,  in  the  first  stage,  a  saline 
soil  (solonchalk)  is  developed  by  an  excessive  concentration  of 
soluble  salts  in  the  upper  layers.  In  the  next  stage,  with  an  im- 
provement in  drainage,  excess  soluble  salts  are  removed  and  an 
alkali  soil  (solonetz)  develops.  Then  a  soloth  is  developed  which 
has  a  reduced  ion  exchange  capacity,  the  A2  horizon  may  be 
washed  or  blown  away,  and  the  vegetation  is  destroyed.  Bouteloua 
gracilis  usually  persists  as  a  dominant  through  the  saline  and  alkali 
stages.  In  the  saline  stage,  if  the  salts  become  too  concentrated, 
B.  gracilis  may  be  replaced  as  a  dominant  by  Agropyron  smithii, 
desert  saltgrass  {Distichlis  stricta)  or  alkaligrass  {Puccinella  nuttal- 
liana),  depending  upon  the  concentration  of  the  salt. 

The  significant  processes  in  the  development  of  normal  soil  in 
the  upgrade  series  are  calcification  and  reduction  of  sodium.  The 
vegetation  stages  of  the  upgrade  series  are  the  forb  and  low-shrub 
stages,  first  grass  stage,  second  grass  stage,  and  the  final  stage;  dis- 
tinctive soil  characteristics  are  associated  with  each  upgrade 
stage.  In  the  forb  and  low-shrub  stages  the  exposed  B2  horizon  is 
most  commonly  invaded  by  knotweed  {Polygonum  erectum),  pepper- 
weed  {Lepidium  densiflorum),  the  salt  bushes  {Atriplex  nuttallii  and  A. 
argentea),  plantain  {Plantago  elongata),  prickly  pear  [Opuntia  frag- 
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His),  Iva  axillaris,  glasswort  {Salicornia  herbacea),  desert  saltgrass, 
broom  snakeweed  {Gutierrezia  saraothrae),  gum  weed  (Grindelia 
squarrose),  Suaeda  depressa,  Russian  thistle  {Salsola  kali),  Agropyron 
smithii,  and  Eriogonum  multiceps.  The  first  grass  stage  is  character- 
ized by  perennial  grasses,  the  more  important  being  wheatgrasses 
{Agropyron  molle,  A.  albicans,  A.  smithii),  Puccinellia  nuttalliana,  tum- 
blegrass  {Schedonnardus  paniculatus)  and  Distichlis  stricta.  In  the 
second  grass  stage  buffalograss  {Buchloe  dactyloides)  is  dominant; 
other  grasses  and  forbs  are  of  minor  importance.  As  mentioned 
previously  the  dominants  in  the  final  stage  are  Bouteloua  gracilis, 
Stipa  comata,  Carex  spp.,  and  Agropyron  smithii. 

It  is  important  to  note  that  cyclic  replacement  change,  an 
intracommunity  change,  might  be  confused  with  directional 
change,  an  intercommunity  change,  which  will  be  discussed  in 
detail  later.  The  upgrade  series  of  the  cyclic  replacement  change 
is  rather  conspicuous  and  might  be  confused  with  a  successional 
change,  whereas  the  downgrade  series,  especially  since  it  often 
results  in  bare  soil,  may  be  confused  with  retrogression,  i.e.,  from 
the  more  complex  to  the  less  complex.  In  either  case,  the  upgrade 
or  the  downgrade  cyclic  series  might  be  misinterpreted  as  repre- 
senting the  trend  of  the  community  as  a  whole  rather  than  as  the 
normal  internal  dynamics  of  the  community. 

In  summary,  replacement  change  may  vary  from  a  simple 
process  to  a  relatively  complex  one.  The  noncyclic  change  is 
a  simple  process  on  an  individual  plant  basis,  while  the  phasic 
cycle  is  a  complex  one  in  which  several  alternative  cycles  may 
operate  within  a  given  community,  forming  patches.  The  replace- 
ment change  may  be  operative  within  the  climax  or  within  direc- 
tional, fiuctuational,  and  intercommunity  cyclic  changes.  In 
general,  the  rate  varies  with  the  life-span  of  the  component  species, 
especially  for  the  noncyclic  replacement  change.  The  rate  tends  to 
vary  also  in  the  respective  series  of  the  cyclic  replacement  system. 
The  upgrade  cyclic  series  may  be  confused  with  a  successional 
change  and  the  downgrade  series  with  a  retrogression  change,  but 
the  cyclic  series  must  be  interpreted  as  the  internal  dynamics  of 
the  community  rather  than  as  a  directional  change  of  the  com- 
munity itself. 
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Intercommunity  Cycle 

The  intercommunity  cycle  is  the  kind  of  change  whereby  one 
type  of  community  repeatedly  changes  to  another  type  and  then 
returns  to  the  first  one,  such  as  the  invasion  of  a  forest  by  a  bog, 
and  then  the  return  of  the  bog  to  a  forest  condition  again — 
reported  as  occurring  in  the  Upper  Kuskokwim  River  Region, 
Alaska. '2  jf  thg  habitat  changes,  the  vegetation  must  change. 
There  may  be  fluctuating  climaxes  of  complementary  commu- 
nities changing  in  time  and  space,  such  as  the  alternation  of  steppe 
and  marsh  vegetation  in  a  given  locality. 2°^'^^'^^  Another  ex- 
ample is  a  cyclic  development  of  marshes,  above  the  northern 
limit  of  conifers  in  northern  Sweden,  beginning  with  the  filling 
of  small  lakes  with  marsh  vegetation. ^^  Then  progressive  direc- 
tional change  takes  place  toward  xerophilous  heaths  rich  in 
lichens,  followed  by  the  regeneration  of  lakes  in  wind-eroded 
hollows,  and  thus  the  marsh-heath  cycle  is  initiated  again. 

It  is  often  difficult  to  determine  the  nature  of  changes.  For  ex- 
ample, an  intercommunity  cyclic  change  may  have  several 
phases  comparable  to  the  upgrade  and  downgrade  sequences  as 
described  above  for  microcommunity  cycles.  Since  a  community 
cyclic-change  system  would  first  be  apparent  in  replacements  on 
a  microcommunity  basis,  it  might  be  difficult  to  differentiate 
cycles  on  the  community  and  on  the  microcommunity  units  of 
analysis.  Replacement  change  is  undoubtedly  operative  within 
the  phases  of  an  intercommunity  cycle,  so  the  change  from  one 
phase  to  another  could  be  confused  readily  with  directional 
changes.  Thus  a  change  in  the  upgrade  series  could  be  confused 
with  succession,  and  a  change  in  the  downgrade  series  with 
retrogression. 

Fluctuation  Change 

Fluctuation  change  is  a  random  fluctuation  about  a  norm  or 
average.  Any  given  habitat,  even  a  long-persisting  one,  is  never 
static,  irrespective  of  the  time  scale  used  as  a  reference.  The 
organisms  characteristic  of  the  habitat  have  adaptability  to  it 
and  its  fluctuation  changes,  and  react  to  such  changes  in  an  in- 
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dividual  as  well  as  in  a  collective  manner.  Regular,  cyclic 
changes  of  the  habitat,  such  as  the  usual  diurnal  daylight  and 
darkness  and  conditions  accompanying  the  progression  of  the 
seasons,  are  not  considered  here. 

The  physical  factors  of  a  habitat  are  constantly  fluctuating. 
Some  individual  factors  may  fluctuate  independently  of  the 
other  factors  so  that  there  is  an  infinite  complexity  of  conditions 
over  either  a  short  or  a  long  period  of  time.  These  changes  of  the 
individual  factors  and  of  combinations  of  factors  are  fluctuations 
about  the  respective  means.  ^^^  The  variations  are  characteristic 
for  the  respective  climatic  provinces,  localities,  and  sites;  and  the 
climatic  elements  vary,  from  year  to  year,  in  a  random  and  thus 
unpredictable  manner. 

The  fluctuations  occur  over  large,  local,  and  small  areas.  Those 
over  a  large  area  include  such  categories  as  climatic  region,  biotic 
province,  or  physiographic  province.  Generalized  information, 
such  as  climatic  information,  is  usually  available  concerning  such 
large  areas;  the  existing  meteorological  net  is  applicable  to  them, 
but  it  furnishes  only  limited  climatic  information  for  local  areas. 
The  variation  in  the  date  of  snow  disappearance  is  indicative  of 
local  variation."  There  are  also  fluctuations  between  stands  and 
within  stands;  the  meteorological  net  furnishes  no  significant 
climatic  information  for  this  scale  of  area,  although  there  have 
been  limited  meteorological  studies  of  certain  small  areas. 

Fluctuations  of  environmental  factors  are  usually  not  percep- 
tible with  mere  observation,  especially  for  a  short  period  of 
time.  Detailed  observation  and  measurement  of  some  factors, 
such  as  soil  moisture,  soil  temperature,  air  temperature,  and 
precipitation  are  needed  for  a  considerable  period  to  reliably 
determine  the  nature  of  fluctuation  changes. 

If  the  fluctuations  in  the  habitat  changes  are  beyond  the  eco- 
logical amplitudes  of  the  existing  species,  then  a  fluctuation  form 
of  change  within  the  community  can  be  expected.  The  types  and 
magnitudes  of  intracommunity  fluctuation  which  result  from  a 
complex  fluctuation  in  the  habitat  are  numerous  and  varied. 
Fluctuation  within  the  community  results  from  interrelations  in 
both  the  habitat  and  the  organisms.  This  becomes  manifest  in  the 
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community  in  one  or  a  combination  of  characteristics  such  as 
change  in  kinds  of  species,  dominance,  phenology,  and  growth 
rate.  The  seasonal  variation  in  the  stage  of  vegetation  develop- 
ment can  sometimes  be  related  to  the  fluctuation  of  a  factor  or  a 
complex  of  factors  in  the  habitat.  The  date  of  blooming  of  7 
species  in  Utah  had  a  range  of  44  days,  and  this  was  related  to 
the  date  of  snow  disappearance  which  had  a  range  of  19  days.^^ 

Many  communities  persist  for  long  periods  of  time  with  only 
minor  fluctuation  in  composition.  The  fluctuations  in  a  steady- 
state  community  are  rarely  of  such  magnitude  that  any  species  is 
completely  eliminated.  It  is  expected  that  this  kind  of  change 
would  be  less  apparent  in  the  dominant  and  characteristic 
species.  Composition  change  is  probably  greater  in  the  early 
stages  of  succession  and  less  as  the  steady-state  condition  is  ap- 
proached. If  there  is  actually  a  change  in  species  composition  in 
the  climax,  then  such  a  change  is  of  a  relatively  temporary  dura- 
tion. Fluctuation  may  also  be  manifested  in  the  abundance  of  a 
species,  and  this  is  probably  more  common  than  fluctuation  in 
floristic  composition,  but  even  in  abundance  most  species  prob- 
ably exhibit  only  slight  to  moderate  changes.  The  fluctuation  in 
abundance  of  each  species  tends  to  be  damped  and  varies 
around  an  intermediate  position,  and  as  the  steady-state  is  ap- 
proached the  amplitude  decreases. 

If  fluctuation  changes  are  of  sufficient  amplitude  to  be  signif- 
icant and  of  sufficient  prominence  to  be  recognized,  then  it  is  im- 
portant to  differentiate  such  changes  from  other  kinds  of  changes 
(directional  or  successional  change  and  cyclic  change)  so  that 
there  will  be  no  confusion  as  to  the  kind  and  significance  of  the 
changes. 

Directional  Change 

Directional  change  is  concerned  with  a  noncyclic,  reasonably 
orderly  sequence  of  perceptibly  different  communities  on  a  given 
site.  A  directional  change  from  a  less  to  a  more  complex  com- 
munity may  be  considered  as  a  progression,  and  a  change  from 
a  more  to  a  less  complex  community  as  a  retrogression.  In  some 
cases  the  directional  change  may  be  deffected  to  a  degree.  When 
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Figure  5-2.  The  invasion  and  aggregation  of  Poa  macrantha 
by  means  of  long  stolons  among  the  clumps  of  Ammophila 
arenaria  produces  an  increase  in  complexity  as  succession 
progresses  on  the  sand  dune.  Oregon.  (U.S.D.A.  Soil  Con- 
servation Service.) 

succession  occurs  in  an  area  where  the  habitat  conditions  have 
been  altered  by  the  plants  themselves,  it  is  autogenic;  when 
altered  by  agents  external  to  the  plants,  it  is  allogenic.  Direc- 
tional change  must  rank  as  a  change  of  major  consequence.  This 
change  occurs  where  the  vegetation  has  not  reached  a  steady- 
state  and  the  progression  culminates  in  a  steady-state,  climax 
community.  Directional  changes,  that  is,  the  stages  and  processes 
in  succession,  have  been  described  in  much  detail  by  many 
writers  26.47.41.58.198 

Succession  is  commonly  and  preferably  considered  as  a  pro- 
gressive development  from  a  simple  to  a  more  complex  commu- 
nity (Figure  5-2)  which  usually  involves  one  or  more  of  the 
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Figure  5-3.  Replacement  of  jack  pines  (Pinus  banksiana) 
in  this  70-year-old  stand  by  the  balsam  fir  {Abies  balsamea) 
which  is  capable  of  growing  in  the  shade  of  the  pines.  July, 
Minnesota.  (U.  S.  Forest  Service.) 

following:  diversity,  stability,  productivity,  self-maintenance, 
uniformity  within  and  between  stands,  and  soil  maturity.  This  is 
considered  as  a  positive  directional  change  or  a  progression. 
Each  community  or  ecosystem  is  in  its  respective  state  of 
flux.^^^  Within  a  nonstable  community,  development  takes  place; 
there  are  biotic  interactions.  This  gradual  development  of  the 
vegetation,  such  as  the  migration  of  Sitka  spruce  {Picea  sitchensis) 
westward  on  Kodiak  Island,  Alaska,  results  in  a  gradual  change 
in  the  habitat.  The  habitat  is  of  course  also  subject  to  any  phys- 
ical changes  which  are  taking  place  and  which  are  independent 
of  the  biotic  influences.  The  gradual  change  in  habitat  is  such 
that  the  conditions  become  less  suitable  for  the  contemporary 
species,  which  are  then  replaced  by  species  better  suited  to  the 
new  habitat,  and  thus  a  new  type  of  community  develops  (auto- 
genic succession).  There  is  usually  a  change  of  species  composi- 
tion, but  in  some  cases  the  change  is  in  the  populations  or  quan- 
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titative  relationships  of  the  same  species.  In  either  case  there  is  a 
change  in  dominants.  Within  a  given  region  the  sequence  of 
dominants  tends  to  be  the  same.  The  increase  in  complexity  may 
be  manifest  in  increased  layering  of  life-forms  and  greater  stature 
of  the  dominants.  This  is  related  to  an  increased  mass  per  unit 
area,  or  standing  crop,  and  usually  to  greater  production  of 
matter  per  unit  area.  It  is  questionable,  however,  if  the  final  stage 
in  succession  always  has  a  greater  standing  crop  than  preceding 
stages.  Actual  development  of  the  community  and  modification 
of  the  habitat  are  probably  on  an  intracommunity  basis.  They 
consist  of  directional  change  sequences  on  smaller  areas  within 
the  community.  The  individual  small  area  of  development  and 
change  may  differ  in  character  from  the  surrounding  parts  of  the 
community.  These  changes  on  the  more  minute  areas  may  be 
completed  before  the  replacement  or  change  of  the  whole  com- 
munity has  run  its  course  (Figure  5-3). 

This  directional  change  usually  has  a  starting  point  and  a 
terminal  point,  which  is  the  climax  vegetation.  For  example,  the 
hydrosere  may  consist  of  the  submerged,  floating,  reed-swamp. 


Figure  5-4.  Primary  succession  on  sand  and  gravel;  first 
invaders  are  club-moss  {Selaginella  underwoodii),  stonecrop 
(Sedum  stenopetalum),  Talinum  parviflorum,  and  prickly 
pear  {Opuntia  sp.).  Early  invading  grasses  are  Bouteloua 
gracilis,  Poa  rupicola,  and  Koeleria  cristata.  Virginia  Dale, 
Colorado. 
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sedge -meadow  and  woodland  stages,  and  finally  the  climax 
forest,  while  the  xerosere  may  consist  of  the  crustose  lichen,  foliose 
lichen,  moss,  herbaceous,  and  shrub  stages,  and  finally  the  climax 
forest.  ^^^  The  progression  may  be  regarded  as  an  over-all  trend 
or  a  general  sequence  of  transformation  of  plant  communities  or 
ecosystems  which  occupy  an  area.  It  is  a  sequence  of  replacement 
of  one  community  by  another  of  a  different  kind,  the  result  being 
a  procession  of  communities  on  a  given  area,  culminating  in  the 


Figure  5-5.  Forest  fire  is  an  initial  cause  of  secondary  suc- 
cession. August,  California.  (U.S.D.A.  Soil  Conservation 
Service.) 
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steady-state  climax.  The  actual  directional  change  is  gradual 
and  continuous  instead  of  in  a  series  of  discrete  steps,  although 
subjective  vegetation  stages  can  be  recognized.  The  course  of  the 
directional  change  can  usually  be  predicted  within  a  reasonable 
degree  of  reliability  (Figure  5-4),  although  the  change  is  not 
straight  or  specific,  and  is  subject  to  a  great  deal  of  variation.  In 
some  cases  successional  stages  may  be  skipped  or  added,  or  the 
course  of  change  may  be  compressed  or  extended.  Use  of  the 
term  "succession"  need  not  imply  the  necessity  for  a  large  num- 
ber of  stages  as  in  a  hydrosere  or  a  xerosere. 

An  interruption  in  the  sequence  of  communities  may  occur.  A 
part  or  all  of  the  community  and  habitat  may  be  so  changed  that 
an  earlier  stage  of  the  sequence  or  a  less  complex  stage  occupies 
the  area;  this  abrupt  change  may  be  caused  by  fire  (Figure  5-5), 
clearing  by  man,  mining,  grazing  by  livestock,  wind  throw,  flood- 
ing deposition,  landslip,  or  snowslides.  Then  a  directional  sequence 
starts  to  run  its  course  again  from  that  stage;  this  is  called  second- 
ary succession.  The  course  and  rate  of  directional  change  within  a 
sere  may  be  rather  rapid  between  some  stages  (Figures  5-6  and 
5-7).  In  the  late  summer  and  fall  following  cultivation  of  fields 
on  the  Piedmont,  North  Carolina,  crabgrass  {Digitaria  sanguinalis) 
is  usually  dominant.  During  the  first  year  of  abandonment,  where 
the  fields  are  not  severely  eroded,  horseweed  {Leptilon  canadense), 
conspicuous  because  it  is  4  to  6  ft  tall,  and  crabgrass  are  usually 
dominant,  and  ragweed  {Ambrosia  elatior)  may  share  this  domi- 
nance. During  the  second  year,  aster  {Aster pilosus),  approximately 
6  ft  tall,  is  usually  dominant,  and  crabgrass  and  horseweed  are 
still  present.  During  the  third  year,  broomsedge  {Andropogon  vir- 
ginicus)  assumes  dominance  and  maintains  the  dominance  until 
it  is  replaced  by  pines.  In  due  time  the  climax  oaks  and  hickories 
occupy  the  area.^^^ 

The  term  "retrogression"  is  applied  by  some  to  a  directional 
change  which  is  essentially  the  reverse  of  succession,  others  in- 
clude such  a  change  under  succession.  Retrogression  may  also  be 
considered  partial  or  gradual  destruction  of  a  community,  fol- 
lowed by  invasion  of  species  characteristic  of  earlier  stages.  The 
causative  agent  may  be  climatic,  grazing  by  domestic  animals, 
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Figure  5-6.  Change  produced  by  caribou  compacting  and 
exposing  mineral  soil  by  heavy  utilization  during  the  early 
spring  calving  season,  leads  to  increased  aggregation  of 
Festuca  altaica  in  the  Betula  glandulosa  community.  Sep- 
tember, 1957,  Black  Lake,  central  Alaska. 


Figure  5-7.  Change  in  dense  vegetation  caused  by  the 
pocket  gopher  (Thomomys  fossor).  August,  Grand  Mesa 
National  Forest,  Colorado.  (U.  S.  Forest  Service.) 


browsing  by  wildlife,  trampling,  reactions  of  plants,  erosion,  de- 
position, repeated  flooding,  etc.  For  the  direction  of  change  to  be 
maintained  as  a  retrogression,  the  influence  of  the  causative  agent 
must  continue  at  a  certain  minimum  intensity,  such  as  a  uniform 
rate  of  deposition,  persistence  of  polygon  formation,  or  mowing. 
There  may  be  an  actual  reversal  in  directional  change,  such  as 
the  change  from  forest  to  prairie  in  lUinois,^^  but  Clements'^  ^ 
denies  the  existence  of  a  directional  change  which  repeats  in  re- 
verse order  the  stages  of  a  succession.  A  retrogression  is  not  to  be 
confused  with  a  downgrade  phase  of  a  cyclic  replacement  change 
which  is  a  normal  developmental  process.  Other  terms  used  for 
retrogression  are  "degradation"  and  "destructive  change."  These 
terms  usually  indicate  that  there  are  decreases  in  one  or  more  of 
the  attributes  of  succession,  that  is,  complexity,  diversity,  stability, 
productivity,  self-maintenance,  uniformity  within  and  between 
stands,  and  soil  maturity. 

Some  directional  changes  may  be  considered  as  deflected  de- 
velopment.^^ For  example,  forest,  shrubs,  and  savanna  derived 
from  the  tropical  rain  forest  and  subjected  to  grazing  and  recur- 
rent fire,  are  the  result  of  deflected  succession  and  lead  to 
apparently  stable  climaxes.^^'  The  directional  change  that  is 
usually  expected  is  modified  to  a  significant  degree. 

The  upgrade  and  downgrade  phases  of  a  cyclic  replacement 
change  and  the  intercommunity  cyclic  change  are  not  to  be  con- 
fused with  directional  changes.  Differentiation  must  be  based  on 
determining  that  a  phasic  cycle  or  an  alternating  cycle  is  opera- 
tive rather  than  a  continuing  directional  trend.  The  differentia- 
tion between  the  latter  and  a  phasic  cycle  is  confounded  to  a  de- 
gree because  a  phasic  cycle  may  be  operative  in  succession,  such 
as  the  alternate  establishment  and  disintegration  of  the  Danthonia 
spicata-Cladonia  cristatella-C.  subtenuis-moss  community  until  it  is 
finally  invaded  by  Andropogon  virginicus  or  Pinus  virgimana.^^^'^ 

In  order  to  determine  that  a  directional  change,  such  as  suc- 
cession, is  taking  place,  it  is  necessary  either  to  follow  the  course 
of  change  on  a  given  site,  such  as  permanent  sample  areas  (see 
Chart  4,  p.  104),  or  to  use  circumstantial  evidence,  such  as  the 
presence  of  invading  species  or  of  relict  species  of  an  earlier  stage. 
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Long-continued  studies  in  the  same  area,  like  those  of  Cooper^'^-^^ 
in  Glacier  Bay,  Alaska,  are  needed. 

Summarizing,  the  stages  in  the  directional  change  or  sequence 
of  communities  can  be  recognized.  The  changes  from  the  initial 
establishment  of  vegetation  on  an  area  to  the  terminal  climax 
community  are  continuous.  However,  a  given  group  of  species 
will  reach  a  peak  of  dominance  at  a  certain  stage  of  the  sequence. 
Then  as  the  dominance  of  this  group  decreases,  the  dominance 
of  another  group  of  species  will  develop  to  a  maximum.  This 
group  is  then  characteristic  as  an  indicator  of  its  respective  stage 
of  the  directional  change  sequence.  The  change  from  one  stage 
to  the  subsequent  stage  may  be  especially  prominent  when  there 
is  a  change  of  life-form  of  the  dominant  species.  There  are  cer- 
tain generalizations  which  can  be  made  concerning  the  trends  in 
communities  when  the  directional  change  is  a  progression.  There 
is  usually  an  increase  in  productivity  per  unit  of  area,  in  organic 
mass  per  unit  area  because  of  the  presence  of  the  larger  life-forms, 
in  complexity  and  diversity  of  species  and  life-forms,  and  in  the 
relative  stability  and  homogeneity  of  the  populations.  The  soil 
and  the  other  aspects  of  the  habitat  also  undergo  progressive 
development. 

Changes  in  Space 

The  changes  heretofore  considered  have  been  within  commu- 
nity boundaries.  Changes  in  space  resulting  in  a  mosaic  of  com- 
munities, on  the  other  hand,  are  caused  by  the  distribution  of 
environmental  gradients. 

As  discussed  previously,  environmental  gradients  of  significant 
magnitude  do  occur,  they  usually  persist  for  a  very  long  period, 
and  there  is  no  known  extensive  area  with  a  wholly  uniform  en- 
vironment. The  zone  between  two  communities  is  considered  a 
reliable  indicator  of  the  steepness  of  the  environmental  gradient 
between  them.  If  there  is  a  sharp  transition,  then  the  gradient  is 
usually  of  great  magnitude  such  as  that  between  a  sedge-marsh 
and  a  dwarf-shrub  heath.  Bryophytes  are  especially  good  indica- 
tors of  environmental  conditions  in  arctic  areas. ^^-^^^  However, 
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if  the  transition  is  broad  and  not  well  defined,  the  environmental 
gradient  must  be  of  low  magnitude. 

The  snow-field  pattern  of  vegetation  in  relation  to  environ- 
mental gradients  is  common  in  arctic  and  alpine  areas.  The  en- 
vironmental gradients  are  formed  by  variations  in  the  depth  of 
snow,  duration  of  snow  cover,  exposure  to  wind  during  winter 
and  summer,  length  of  the  growing  season,  amount  and  duration 
of  soil  moisture,  and  winter  temperatures  in  the  soil,  air,  and 
snow  cover  (see  Charts  1  and  2,  pp.  18  and  19).  The  common 
zonation  on  lime-poor  soil  in  Norway  along  the  gradients  from 
the  exposed  top  of  a  ridge  to  the  base  of  a  slope  is  as  follows: 
Empetrum  hermaphroditum-Louiseleuria  procumbens  community,  snow 
cover  very  thin  or  not  present,  exposed  to  strong  winds;  Betula 
nana  community,  snow  cover  thin,  less  wind;  Vaccinium  myrtillus 
community,  complete  snow  cover  which  melts  relatively  early; 
Deschampsia  Jiexuosa  community,  deep  snow  cover  that  melts  late; 
and  Salix  herbacea  community,  very  deep  snow  cover  that  melts 
very  late  or  not  at  all  during  some  years. ^^•^'^ 

There  may  also  be  spatial  changes  within  a  community.  These 
changes  are  likewise  caused  by  significant  environmental  gra- 
dients. The  gradients  or  microgradients  within  the  community 
are  in  some  cases  as  great  or  greater  in  magnitude  than  the  gra- 
dient between  two  communities.  The  differences  in  the  Calluna, 
Cladoma,  bare  soil,  and  Arctostaphylos  phases  of  the  dwarf  Callune- 
tum  community  described  by  Watt^^^  may  indeed  be  greater 
than  the  difference  between  this  community  and  the  adjacent 
community.  The  magnitude  of  microgradients  within  each  com- 
munity is  probably  distinctive  for  the  respective  community. 

If  the  gradients  remain  unchanged  for  long  periods  of  time,  the 
mosaic  of  communities  remains  unchanged  and  each  community 
thereon  is  in  the  steady-state.  However,  if  the  environment  of 
one  sector  or  of  all  the  gradient  is  changing  rather  rapidly,  then 
there  will  be  directional  change  taking  place  in  one  or  more 
communities  on  such  areas,  so  that  the  mosaic  is  changing. 

During  a  long  period  of  time  the  actual  spatial  position  of  the 
environmental  gradients  may  change  very  slowly.  This  may  be 
due  to  slow-acting  geological  processes,  among  which  are  normal 
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geologic  erosion,  block  uplift,  glacial  retreat,  and  climatic  change. 
Such  changes  are  at  so  slow  a  rate,  that  usually  no  significant 
alteration  occurs  during  the  period  of  field  study  conducted  by 
one  investigator.  The  same  pattern  of  communities  usually  per- 
sists, even  though  the  spatial  disposition  of  each  changes. 

Rate  of  Change 

The  rate  of  any  type  of  change  is  important.  The  analysis  of 
changes  within  a  community  and  between  communities  is  facil- 
itated by  determining  the  rate  of  each,  preferably  in  absolute,  but 
at  least  in  relative,  terms. 

An  indication  of  the  rate  of  development  or  succession  of  a 
hchen  community  may  be  found  in  the  fact  that  lichens  of  the 
family  Umbelicariaceae  require  several  hundred  years  to  attain 
full  growth, ''^  so  these  lichens  are,  of  course,  absent  where  soU- 
fluction  occurs.  A  good  example  of  a  study  showing  the  rate  of 
succession  following  the  retreat  of  glaciers  is  that  of  Cooper,  at 
Glacier  Bay,  Alaska.^'*^^  The  duration  of  stages  in  secondary 
succession  on  old  fields  and  on  forest  lands  has  also  been  given 
by  several  writers. ■^^•^^•^^^ 

The  permanence  of  many  communities  in  arctic  and  alpine 
areas  indicates  that  changes  in  the  habitat  are  not  significant  or 
that  the  species  present  in  rapidly  changing  habitats  such  as 
solifluction  areas,  are  adapted  to  them  either  by  special  structural 
features  or  by  wide  ranges  in  ecological  amplitude.  The  duration 
and  stability  in  Scandinavia  of  arctic  and  alpine  plant  commu- 
nities not  influenced  by  man,  even  of  the  half-open  grass-heath 
communities  such  as  those  o{  Kobresia  myosuroides  and  Festuca  ovina, 
have  been  stressed.^^^  The  habitats  and  vegetation  of  polygons  on 
Akpatok  Island  have  probably  changed  very  little  in  1000  to 
2000  years.'" 

The  numerous  arctic  and  alpine  species  which  survived  glacia- 
tion  in  refuges,  as  indicated  by  biogeographic  evidence,  have  had 
a  long  time  in  which  to  form  communities  of  great  stability. 
Evidence  for  the  great  age  of  the  arctic  and  alpine  flora  in 
Scandinavia  is  seen  particularly  in  the  relatively  large  number 
of  endemic  species  and  the  presence  of  a  large  west  arctic  element 
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comprising  many  species  of  herbs,  lichens,  and  mosses.  This  ele- 
ment is  present  also  in  Iceland  and  Greenland  as  well  as  being 
widely  distributed  in  North  America.*'^ 

CLIMAX 

It  has  been  mentioned  that  the  culmination  of  a  directional 
change  is  a  steady-state,  climax  community  in  which  no  further 
directional  change  takes  place  under  the  prevailing  environ- 
mental conditions.  This  is  the  terminus  of  habitat  and  vegetation 
development.  The  climax  will  be  discussed  because  the  ability  to 
determine  whether  a  community  is  a  successional  or  a  climactic 
one  is  important. 

The  criteria  of  a  climax  community  serve  primarily  to  differ- 
entiate it  from  a  successional  community.  The  differentiation  is 
both  subjective  and  relative,  so  that  the  criteria  cannot  be  highly 
specific.  Each  criterion  is  independent,  to  a  degree,  of  the  other 
criteria.  Furthermore,  each  may  have  enough  exceptions  so  that 
it  cannot  be  employed  to  the  exclusion  of  the  others.  The  criteria 
must  be  used  with  a  degree  of  subjectivity  dependent  upon  the 
skill  and  judgment  of  the  investigator. 

The  climax  community  is  in  the  steady-state  with  respect  to 
productivity,  structure,  and  population,  with  the  dynamic  bal- 
ance of  its  populations  dependent  upon  its  respective  site.  The 
community  has  a  maximum  diversity,  relative  stability,  and 
homogeneity  of  the  species  populations  within  and  between  the 
stands  of  a  given  climax  type.  Each  stand  is  self-maintaining 
and  relatively  permanent.  The  stand  persists  for  a  long  time  with 
little  or  no  change  (Figures  5-8  and  5-8A).  Any  change  consists 
of  an  interplay  of  populations,  i.e.,  fluctuation  change,  even 
though  replacement  on  a  microcommunity  basis  may  be  a  phasic 
cycle.  There  is  neither  a  beginning  nor  an  end  of  such  fluctuation 
change  in  time.  The  given  climax  type  is  characterized  by  its 
physiognomy  or  homogeneity  in  appearance  within  and  between 
stands.  However,  a  maximum  of  spatial  stratification  can  be  ex- 
pected, and  this  balanced  structure  of  several  growth-forms  and 
maximum  diversity  of  species  provides  a  system  which  apparently 
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permits  fullest  use  of  the  environment  and  maximum  production 
on  a  sustained  basis. 

The  composition  and  population  of  the  climax  are  determined 
by  all  factors  of  the  mature  ecosystem,  not  by  any  one  factor. 
These  factors  are  the  properties  of  each  species,  biotic  interrela- 
tions, floristic  and  faunistic  availability,  chances  of  dispersion, 
interaction,  soils,  climate,  and  possibly  special  factors  such  as 
fire,  wind,  snow,  and  salt  spray. 

Climax  vegetation  may  be  considered,  according  to  Whit- 
taker, 2°^  as  a  pattern  of  populations  corresponding  to  the  pattern 
of  environmental  gradients.  The  relationships  among  the  popula- 
tions change  with  alterations  in  these  gradients.  The  vegetation 
pattern  is  more  or  less  diverse  in  accordance  with  the  diversity  of 
the  environmental  complex,  and  the  composition  of  the  climax 
type  is  meaningful  only  in  relation  to  its  particular  spatial  posi- 
tion on  the  environmental  gradient.  There  is  convergence  or 
succession  to  similar  structural-functional  population  patterns  in 
similar  environments,  yet  this  is  partly  independent  of  the  original 
environmental  conditions  and  the  course  of  development.  There 
is  a  homogeneity  between  stands  on  similar  sites,  and  any  varia- 


Figure  5-8.  A  vigorous 
clump  of  Bouteloua  gracilis. 
August,  San  Antonio,  Texas. 
(U.S.D.A.  Soil  Conservation 
Service.) 


tions  usually  indicate  the  degree  of  stabilization.  Thus  there  is  a 
mosaic  of  climax  types  which  corresponds  to  the  mosaic  of  habitats 
or  environmental  gradients. ^^^ 

An  example  of  a  mosaic  of  climax  types  is  the  dwarf  shrub- 
heath  in  Sikilsdalen,  Norway,  which  was  divided  into  two 
alliances  differing  in  relative  species  composition  and  abundance 
chiefly  in  response  to  the  amount  and  duration  of  snow  cover  in 
the  habitat.^5'  The  more  xeric  of  the  alliances  has  7  associations, 
of  which  one,  the  Empetreto-Betuletum  nanae,  is  an  example  of 
a  pattern  in  relation  to  environmental  gradients.  This  association 
is  separated  into  4  sociations,  chiefly  on  the  basis  of  differences  in 
the  proportion  of  several  species  of  lichens;  Betula  nana,  the  chief 
vascular  dominant,  is  found  in  about  equal  abundance  in  each 
sociation.  The  Betula  nana-Alectona  ochroleuca  sociation  occurs  in 
sites  that  have  the  least  snow  cover,  dry  most  rapidly  in  the  spring, 
and  are  so  exposed  to  the  wind  that  pieces  of  the  lichen  mass  are 
torn  loose.  It  is  characterized  by  high  frequency  and  cover  of  the 
lichen,  Alectoria  ochroleuca.  There  are  also  other  wind-resistant 
lichens.  The  second  community,  the  Betula  nana-Empetrum  herma- 
phroditum-Cetraria   nivalis   sociation,    often    alternating   with   the 


Figure  5-8A.  Roots  of  blue 
gramagrass  are  very  numer- 
ous here,  some  extending  to 
a  depth  of  4  ft.  This  short- 
grass  is  well  adapted  to 
drought  and  grazing,  and  is 
a  component  of  a  number 
of  climax  communities. 
Willcox,  Arizona.  (U.S.D.A. 
Soil  Conservation  Service.) 


Figure  5-9.  A  climax  stand 
of  Cladonia  alpestris,  with 
intermixed  dwarf  shrubs 
and  herbs.  Excellent  winter 
range  for  caribou  or  rein- 
deer, widespread  in  Sub- 
arctic in  North  America  and 
Scandinavia.  July,  1957, 
near  Paxson,  Alaska. 


first,  is  found  in  depressions  in  rough  terrain  and  in  more 
sheltered  sites,  so  that  it  has  more  snow  cover  and  is  less  exposed 
to  the  wind.  The  third,  the  Betula  nana- Cladonia  alpestris  sociation 
(Figure  5-9),  is  characterized  particularly  by  the  vigor  and  height 
of  C.  alpestris.  It  occurs  in  still  better-protected  sites,  the  snow 
cover  is  deeper  and  lasts  longer,  and  it  is  less  exposed  to  the  wind. 
The  site  is  weakly  mesic  in  contrast  to  the  previous  xeric  ones, 
and  there  are  indications  in  the  soil  profile  of  weak  solifluction. 
The  fourth  community,  the  Betula  nana- Cladonia  rangiferina-C. 
silvatica  sociation — characterized  by  these  two  lichens,  more 
moss,  and  Salix  glauca—iol^vdii&s  still  deeper  and  longer-enduring 
snow  cover,  the  substratum  is  more  moist,  and  the  soil  profile 
shows  the  effects  of  solifluction.  This  community  often  occurs  on 
solifluction  terraces.  The  gradients  in  environmental  factors  from 
the  first  to  the  fourth  community  are:  increasing  depth  and 
duration  of  snow  cover  associated  with  less  exposure  to  wind, 
probably  a  later  inception  of  growth  in  the  spring,  increasing 
soil  moisture,  and  increasing  likelihood  of  solifluction. 

The  changes  which  are  expected  within  the  steady-state  are  re- 
placement change  and  fluctuation  change.  The  upgrade  and 
downgrade  phases  of  a  cyclic  replacement  change  could  be 
prominent,  and  be  misleading  in  determining  that  the  steady- 
state  exists.  It  has  already  been  noted  that  fluctuation  changes 
are  usually  not  perceptible  by  simple  observation,  especially  over 
a  short  period  of  time. 
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In  summary,  the  criteria  to  differentiate  a  climax  community 
from  a  successional  community  are  subjective  and  relative.  Tfie 
climax  community  is  in  the  steady-state  with  respect  to  produc- 
tivity, structure,  and  population  (Figure  5-10).  There  is  a  diver- 
sity, stability,  and  homogeneity  of  the  species  populations  within 
and  between  stands  of  the  same  climax  community.  Each  stand 
is  self-maintaining  and  long-persisting.  Replacement  and  fluctua- 
tion changes  are  operative  on  a  continuing  basis  within  the 
climax,  while  all  environmental  factors  determine  its  composition 
and  population  so  that  there  is  a  mosaic  of  climax  types  corre- 
sponding to  the  mosaic  of  habitats. 

Conclusions 

One  of  the  more  important  and  difficult  tasks  of  the  ecologist 
is  to  determine  the  dynamics  within  and  between  communities 
and  especially  the  successional  or  climax  status  of  each  commu- 
nity. Five  kinds  of  significant  change  are:  replacement,  inter- 
community cycle,  directional  and  fluctuation  changes  in  the 
same  place,  and  change  in  space.  Succession  is  one  type  of  change 
— a  very  important  kind.  The  analysis  of  changes  provides  a 


Figure  5-10.  A  climax  forest 
of  virgin  hemlock  {Tsuga 
canadensis),  with  aggrega- 
tions of  the  broadleaf  ever- 
green, Rhododendron  maxi- 
mum, in  the  shrub  layer. 
May,  Clarion  County,  Penn- 
sylvania. (U.  S.  Forest 
Service.) 


useful  means  to  assign  the  proper  status  to  successional  and 
climax  communities. 

Environmental  gradients  are  present  in  all  areas.  The  patterns 
of  long-enduring  environmental  gradients  occur  with  respect  to 
many  factors  such  as  the  presence,  areal  extent,  depth,  and  dura- 
tion of  snow-cover,  exposure  to  wind  and  to  insolation,  soil 
moisture,  drainage,  nature  of  substratum,  occurrence  and  degree 
of  soil  movement,  freezing  action,  and  presence  of  salt.  The 
presence  and  nature  of  gradients  can  be  determined  readily  in 
some  places,  with  difficulty  in  others.  The  patterns  of  different 
communities  can  be  recognized  in  relation  to  the  environmental 
gradients,  and  are  formed  especially  by  populations  of  the  more 
sensitive  species.  In  order  to  have  only  one  type  of  community 
over  a  very  large  area  it  would  be  necessary  to  have  a  nongra- 
dient  environment  over  the  entire  area,  which  cannot  be  attained 
since  geomorphic  processes  are  operating  continuously,  although 
often  very  slowly.  Consequently  the  types  of  gradients  will  usually 
remain  essentially  the  same,  for  example  the  shift  of  snow  patches, 
or  the  increase  in  their  size.  It  is  conceivable  that  an  environ- 
mental condition  at  one  or  the  other  end  of  the  gradient  might  be 
eliminated.  However,  if  the  gradients  present  at  the  time  have 
reached  the  steady-state,  then  for  a  significant  period  the  pattern 
of  gradients  and  their  associated  climax  communities  will  remain 
essentially  the  same,  even  though  the  actual  disposition  may 
change  to  some  indeterminate  degree. 

The  communities  on  the  long-enduring  gradients  have  a  high 
degree  of  stability  and  organization.  The  principal  species  in 
each  kind  are  well  adjusted  in  their  reactions  to  one  another,  such 
as  shading  and  accumulation  of  organic  matter.  Similar  commu- 
nities and  similar  patterns  of  communities  are  present  in  separated 
areas  in  which  environmental  conditions  are  similar.  So  long  as 
environmental  conditions  remain  substantially  the  same,  the 
communities  appear  to  undergo  fluctuations  about  a  mean,  rather 
than  directional  change.  These  long-enduring  communities  have 
the  attributes  of  climax  communities  and  fit  well  into  a  climax 
mosaic  pattern  along  environmental  gradients. 

The  presence  of  phasic  cycles  may  be  the  cause,  or  one  of  the 
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causes,  of  questioning  the  applicability  of  a  climax  status  to  some 
climax  areas,  especially  if  the  investigator  does  not  realize  he  is 
dealing  with  a  phasic  cycle.  The  apparent  lack  of  stability  be- 
tween individual  phases  may  contribute  to  this  opinion,  especially 
when  a  downgrade  change  is  taking  place  and  is  prominent. 
However,  if  the  phasic  cycle  is  analyzed  as  a  whole  in  relation  to 
surrounding  vegetation,  the  community  will  be  found  to  fulfill 
the  criteria  of  the  climax  since  the  phasic  cycle  is  operative  within 
the  climax  framework.  If  the  upgrade  phases,  inclusive  of  the 
most  complex  phase,  are  predominant  in  the  area  and  give  the 
community  its  aspect,  then  the  vegetation  might  be  interpreted 
as  a  successional  stage.  If,  on  the  other  hand,  the  downgrade 
phases  are  predominant,  the  vegetation  might  be  interpreted  as 
a  retrogression  stage.  Either  error  is  serious  because  it  may  lead 
to  the  conclusion  that  a  climax  status  is  not  applicable. 

The  change  from  one  cyclic  phase  to  another  phase  is  certainly 
directional  in  detail,  whether  it  is  upgrade  or  downgrade,  for 
there  is  a  change  in  the  habitat,  kinds  of  species,  abundance,  and 
life-forms.  However,  considered  as  repetitive  cycles,  there  is  no 
directional  change.  The  cycle  as  a  whole  is  within  the  limits  of 
the  criteria  of  the  steady-state,  but  a  single  phase  may  not  meet 
such  criteria.  A  long-term  study  of  the  phasic  cycle  will  reveal 
that  as  a  whole  any  over-all  changes  will  take  on  the  qualities  of 
a  fluctuation  change  instead  of  the  radical  alterations  which  are 
so  prominent  between  two  succeeding  phases.  The  pattern  of 
microcommunities  and  populations  is  related  to  the  pattern  of 
mesogradients  and  of  microgradients  of  the  habitat.  It  is  just  as 
valid  to  consider  phasic  cycle  changes  and  stages  as  inherent 
processes  and  parts  of  the  climax  steady-state  as  it  is  to  consider 
the  changes  and  stages  following  the  death  of  an  occasional  tree 
in  the  forest  or  the  death  of  clumps  of  blue  gramagrass  {Bouteloua 
gracilis)  in  a  grassland  climax  as  such. 

In  the  application  of  the  climax  concept,  the  alternation  of 
communities,  or  an  intercommunity  cyclic  change,  may  present 
more  difficulty  than  microcommunity  alternation  or  cyclic  change 
because  of  the  apparent  lack  of  stability  of  each  phasic  commu- 
nity and  of  the  cycle  as  a  whole.  The  downgrade  phase,  especially, 
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is  often  difficult  to  interpret  correctly,  but  when  such  a  cycle  is 
analyzed  as  a  whole,  the  changes  satisfy  the  climax  criteria. 

The  change  from  community  to  community  in  place,  even 
though  phasic,  is  easily  confused  with  a  directional  change  which 
would  be  successional  if  the  change  were  upgrade,  and  retro- 
gressional  if  the  change  were  downgrade.  This  change  may  pro- 
ceed horizontally  in  lieu  of  being  exclusively  in  place.  The  con- 
fusion with  succession  and  retrogression  arises  readily  because  of 
the  alterations  in  habitat  conditions.  The  change  from  one  com- 
munity phase  of  the  cycle  to  the  next  one  probably  operates 
similarly  to  a  replacement.  In  fact,  during  part  of  the  commu- 
nity-to-community change  it  may  be  very  difficult  to  differentiate 
it  from  a  replacement  phasic  cycle.  Fluctuations  within  the  com- 
munity cyclic  change  are  expected,  and  therefore  a  degree  of 
variation  will  occur  in  the  habitat,  species,  and  populations.  But 
when  the  cycle  is  analyzed  as  a  whole,  it  will  be  found  that  the 
changes  are  within  circumscribed  limits  which  satisfy  the  criteria 
of  a  climax,  in  spite  of  the  conspicuous  alterations  between  phases. 

At  first  it  seems  that  directional  changes  offer  no  difficulty  in 
assigning  a  succession  or  retrogression,  rather  than  a  climax,  status 
to  a  community;  generally,  if  a  directional  change  is  taking  place, 
the  community  under  consideration  does  not  satisfy  the  criteria 
of  a  climax.  However,  the  rate  of  change  from  a  near-terminal 
stage  to  the  climax  is  usually  very  slow,  much  slower  than  be- 
tween the  earlier  stages  of  a  successional  series;  in  fact  the 
changes  may  not  be  perceptible  during  the  study-span  of  one 
person.  Furthermore,  the  near-terminal  stage  may  have  many  of 
the  attributes  of  a  climax. 

Fluctuations  of  small  magnitude  usually  cause  no  difficulty, 
but  fluctuations  of  relatively  great  magnitude  can  easily  cause 
trouble  in  the  applicability  of  the  climax  concept.  For  a  particular 
type  of  climax  community,  a  certain  magnitude  of  fluctuation 
change  is  expected  and  is  within  the  framework  of  the  steady- 
state.  A  fluctuation  change  of  relatively  great  magnitude  in  a 
community  may  be  confused  with  a  phasic  cycle  replacement 
change  which  is  not  characteristic  of  the  particular  community, 
and  intensive  study  over  a  long  period  of  time  may  be  required 
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to  differentiate  between  them.  Fluctuation  change  does  not  occur 
exclusively  in  the  climax,  but  occurs  also  in  successional  stages. 
The  magnitude  of  fluctuation  is  probably  greater  in  the  serai 
stages  than  in  the  near-terminal  and  climax,  but  the  magnitude 
cannot  be  used  as  a  criterion  to  differentiate  a  succession  stage 
and  a  climax. 

An  analysis  of  the  environmental  gradients  and  of  each  type 
of  change  within  and  between  communities  provides  a  reliable 
means  of  determining  the  successional  or  climax  status.  The 
steady-state  communities  making  up  mosaic  patterns  correspond- 
ing to  the  patterns  of  long-enduring  environmental  gradients  are 
considered  as  climax.  Such  changes  as  do  occur  in  these  commu- 
nities are  regarded  as  being  within  the  framework  of  the  climax. 
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BASES  OF  CLASSIFICATION 

An  extensive  area  of  vegetation  varies  from  one  part  to  another 
because  of  differences  in  topography  such  as  north  and  south 
slopes,  soil  conditions,  or  stages  of  succession.  A  large  area  pre- 
sents too  much  complexity  in  vegetation  and  environmental 
conditions  to  study  as  a  whole,  so  it  must  be  separated  into  sub- 
divisions that  are  usually  recognized  by  dissimilarities  in  physiog- 
nomy, species  composition,  or  often  in  topography.  Each  basic 
unit  is  a  stand,  or  individual  plant  community — an  aggregation 
of  species  with  considerable  uniformity  in  structure  and  composi- 
tion, and  occupying  an  area  of  highly  uniform  environment.^'*'* 
Each  stand  has  its  own  individuality,  and  is  marked  by  the  pos- 
session of  certain  biotypes,  and  often  ecotypes  also,  that  are  not 
found  in  other,  similar  stands;  ^'*°''**  however,  a  number  of  bio- 
types or  ecotypes  may  be  present  in  common  in  several  stands. 
Delimitation  of  a  stand  is  not  difficult  when  it  has  sharp 
boundaries  (Figures   1-4  and   1-20),  which  may  be  caused  by 
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abrupt  changes  or  steep  gradients  in  the  substratum,  by  reactions 
of  plants  to  shading,  or  by  fire,  grazing,  or  cultivation.  Delimita- 
tion is  more  difficult  when  the  gradients  are  gradual,  and  abrupt 
changes  in  the  vegetation  do  not  appear.  However,  as  the  gradient 
changes,  due,  for  example,  to  a  decrease  in  soil  moisture,  some 
species  become  less  numerous  and  others  become  more  so,  creat- 
ing an  effect  comparable  to  the  gradual  changing  of  color  in  the 
spectrum,  in  which  measured  portions  have  been  delimited  as 
blue,  yellow,  red,  etc. 2°°  Similarly,  the  vegetation  on  a  gradient 
(a  cline)  can  be  quantitatively  segregated  into  units  on  the  basis 
of  measurements  of  numerical  abundance,  cover,  and  frequency, 
especially  of  the  constant  and  characteristic  species  (see  p.  125). 200 
For  example,  in  the  lower  part  of  a  cline  Agropyron  smithii  and  Stipa 
viridula  may  each  average  25  per  cent  or  more  in  foliage  cover 
and  100  per  cent  in  frequency,  and  in  the  same  part  Bouteloua 
gracilis  and  Stipa  comata  may  each  rate  less  than  10  per  cent  in 
cover  and  40  per  cent  in  frequency.  As  one  ascends  the  slope  the 
former  pair  gradually  decreases  in  cover  and  frequency,  while 
the  latter  increases,  until  the  figures  may  be  reversed,  thus  form- 
ing a  different  stand.  The  demarcation  of  the  two  stands  may  be 
placed  where  the  cover  of  the  second  pair  exceeds  that  of  the  first, 
and  where  the  frequency  of  the  second  pair  rises  above  80  per 
cent  while  that  of  the  other  pair  falls  below  this  percentage.  The 
portion  of  the  cline  where  the  data  for  all  four  species  are  closely 
similar  may  be  considered  as  another  stand,  or  a  transitional  zone. 

Transition  zones,  as  a  rule,  are  readily  recognized  by  the  pres- 
ence in  them  of  species  from  each  of  the  adjacent  stands,  and  often 
by  changes  in  structure  and  greater  heterogeneity.  It  is  usually 
advisable  to  delay  analysis  of  these  zones  until  a  frame  of  refer- 
ence of  well-marked  stands  has  become  available.  It  is  also  good 
procedure  to  make  a  reconnaissance  study  of  an  extensive  area 
of  vegetation  first  before  beginning  intensive  analysis  of  the  con- 
stituent stands,  so  that  a  general  idea  of  the  different  kinds  of 
stands  or  types  of  vegetation  may  be  gained. 

Description  of  a  stand,  as  of  other  entities,  should  be  based  upon 
an  analysis  which  reveals  as  many  of  the  intrinsic  qualities  as  pos- 
sible. It  appears  obvious  that  vegetation  should  be  characterized 
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by  its  own  properties  and  not  by  extrinsic  data,  but  the  illogical 
procedure  of  using  the  habitat,  or  the  stage  of  ecologic  succession, 
as  part  of  the  characterization  of  a  community  is  a  custom  of  long 
standing. '^^  The  environment  is  a  controlling  influence,  not  a 
property,  of  vegetation  and  the  successional  status  is  often  hypo- 
thetical, though  important.  The  most  commonly  used  intrinsic 
qualities  are  both  analytic  and  synthetic  (see  Chapters  3  and  4), 
and  include  kinds  of  species,  life-form,  population  density,  cover, 
frequency,  stratification,  periodicity,  dominance,  vitality,  and 
physiognomy.  However,  many  descriptions  of  vegetation  are  in- 
adequate because  only  two  or  three  of  these  are  considered,  while 
a  good  description,  to  be  complete,  must  include  most  of  the 
qualitative  and  quantitative  properties,  with  analytic  tables  as 
well  as  good  verbal  description.  Each  feature  of  the  community 
is  important,  especially  in  relation  to  the  environment,  and  a 
single  approach,  such  as  emphasis  on  dominance,  as  among  some 
American  ecologists,  or  on  characteristic  and  differential  species, 
as  among  some  phytosociologists,  is  not  adequate.  According  to 
Poore,  "The  more  accurate  and  detailed  the  information  the 
more  valuable  the  description,  which  includes  as  a  matter  of 
course  the  examination  of  the  soil  profile  and  accurate  notes  on 
certain  features  of  the  habitat.  Description  by  physiognomy  and 
dominance  alone,  on  the  other  hand,  may  cause  one  to  ignore 
the  detail  for  wider  aspects,  and  even  to  consider  that  a  descrip- 
tion of  the  dominant  and  striking  species  is  the  same  thing  as  a 
description  of  the  synecology  of  the  community."  166.P.45 

Usually  the  most  important  criterion  in  classification  is  simi- 
larity, so  stands  possessing  a  number  of  characteristics  in  com- 
mon, particularly  in  species  composition  and  structure,  and 
occupying  similar  habitats,  are  placed  in  one  community-type. 
The  recurrence  of  similar  stands  in  similar  habitats  has  been 
demonstrated  by  many  investigators. ^^^■^^■^^^•''^'^•^^•^^■^  The  rela- 
tion of  stand  to  habitat  is  so  close  (Figure  1-27)  that  even  in  the 
Arctic  it  has  been  found  possible  to  predict  the  vegetation  type 
with  a  fair  degree  of  reliability  when  the  soil  profile  and  general 
geographic  location  are  known. ^^^  Although  it  is  true  that  the 
complexity  of  floristic  and  environmental  conditions  is  so  great 
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that  the  exact  combination  and  sequence  of  events  are  seldom 
if  ever  repeated,^'*  yet,  as  in  any  kind  of  classification,  exact 
duplication  or  likeness  is  not  essential  for  grouping  stands 
into  abstract  categories.  The  degree  of  similarity  needed  for 
placing  stands  in  the  same  community-type  or  association  re- 
quires careful  judgment;  but,  as  in  evaluations  of  many  bio- 
logical phenomena  such  as  stages  in  mitosis,  different  investigators 
have  been  found  to  agree  closely  in  their  decisions.  In  placing 
stands  in  community-types,  an  increase  in  objectivity  is  secured 
by  employing  quantitative  criteria  such  as  the  coefficient-of- 
similarity.25'62127.103  While  similarity  is  the  chief  criterion  in 
classifying  stands,  a  certain  degree  of  relationship,  or  affinity,  is 
also  present  because  of  the  common  evolutionary  origin  of  in- 
dividuals of  a  species  and  because  of  interactions  such  as  pollina- 
tion, and  obviously  the  greater  the  number  of  species  in  common, 
the  greater  will  be  the  affinity. 

In  some  places,  very  small  units,  such  as  a  square  meter  or  only 
a  few  square  centimeters,  of  various  kinds  of  vegetation  occur  re- 
peatedly. These  variations  in  species  composition  are  caused  by 
changes  in  the  environment,  particularly  in  the  substratum.  For 
example,  the  top  of  a  mound  in  a  bog  or  marsh  may  have  a  very 
different  plant  cover  from  that  in  the  depressions,  and  the  north 
and  south  sides  of  a  single  mound  may  vary  greatly,  especially  in 
the  Arctic  and  Subarctic.  Such  small  units  are  microstands,  each 
kind  with  its  inherent  characteristics  and  specific  habitat  condi- 
tions. The  aggregate  of  such  microstands  in  an  area  may  be 
considered  as  a  community-complex  when  there  is  some  order 
or  pattern  in  distribution  as  on  the  borders  of  lakes  or  ponds,  on 
sand  dunes,  around  ant-hills,  and  on  snow-bed  areas  in  alpine 
regions.  When  the  microstands  are  intermixed  without  any  ap- 
parent pattern,  as  commonly  occurs  in  marshes  and  bogs,  the 
conglomeration  may  be  considered  as  a  community-mosaic.^ ^7 
The  vegetation  on  mounds  in  the  tundra  may  consist  largely  of 
wind-resistant  lichens  and  low  shrubs,  while  in  the  depressions 
mosses,  other  kinds  of  lichens,  and  taller  shrubs  grow.  It  is  often 
desirable  to  treat  the  entire  mosaic  or  complex  as  a  unit,  but  each 
of  the  various  kinds  of  microstands  composing  it  must  be  an- 
alyzed to  secure  a  full  understanding  of  the  vegetation.  Similar 
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microstands  in  a  mosaic  or  complex  may  be  grouped  into  a 
microcommunity-type;  thus  mosaics  or  complexes  may  be  con- 
sidered to  consist  of  several  kinds  of  microcommunity-types,  and, 
obviously,  they  may  also  be  classified  into  higher  categories  on 
the  basis  of  similarity. 

For  each  stand  and  community-type,  in  addition  to  an  analysis 
of  the  intrinsic  characteristics,  a  description  is  needed  of  the 
habitat,  the  position  on  environmental  gradients,  and,  whenever 
possible,  the  successional  status.  A  description  of  the  habitat 
should  include  at  least  a  general  statement  about  temperature 
and  precipitation,  topography,  nature  of  the  substratum  includ- 
ing a  profile  description,  and  an  appraisal  of  limiting  or  critical 
factors.  The  successional  status  of  various  stands  ranges  from  an 
early  stage  in  primary  or  secondary  succession  to  the  climax.  Con- 
sequently, the  dynamic  or  syngenetic  position  of  every  commu- 
nity needs  to  be  considered,  especially  the  development  or  growth 
from  a  young  to  a  mature  stand,  succession  or  the  replacement 
of  one  stand  by  another,  and  the  evolution  or  changes  in  the  com- 
munity by  means  of  the  genie  modification  of  constituent  species 
that  occurs,  as  well  as  the  other  changes  discussed  in  Chapter  5. 
Since  mutations  apparently  do  not,  as  a  rule,  persist  in  natural 
vegetation,  it  can  be  expected  that  a  community  will  be  long- 
enduring  provided  that  the  environment  does  not  change  greatly, 
but  alteration  of  the  environment  or  in  the  kinds  and  numbers 
of  species  in  the  stand  may  give  opportunity  for  mutations  to  be- 
come established.  Studies  in  dynamics  require  the  preservation 
of  samples  of  natural  communities,  not  only  for  the  maintenance 
of  gene  pools,  but  also  because  the  complex  interrelationships  of 
the  organisms  in  each  have  required  a  long  period  of  inter- 
coordinated  ecologic  evolution  which  cannot  be  duplicated  by 
man. 

CRITERIA  OF  CLASSIFICATION  (SYNSYSTEMATICS) 

Many  kinds  of  plant  communities,  differing  in  magnitude  and 
complexity,  may  be  found  in  any  country,  and  almost  instinc- 
tively one  tends  to  place  them  in  groups,  such  as  forest,  grassland, 
or  weedy  wasteland.  The  human  mind  apparently  demands 
orderliness,  so  classification  is  more  than  a  convenience, ^°°  it  is  an 
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LAND   CAPABILITY   CLASSES 

SUITABLE.    FOR    CULTIVATION 

NO  CULTIVATION-PASTURE,  HAY,  WOODLAND  AND  WILDLIFE 

I         !  REQUIRES  GOOD   SOIL   MANAGEMENT    PRACTICES    ONLV 

Y 

NO   RESTRICTIONS   IN   USE 

II  i  MODERATE    CONSERVATION   PRACTICES   NECESSARY 

III  INTENSIVE      CONSERVATION    PRACTICES  NECESSARY 

IV  PERENNIAL    VEGETATION-  INFREQUENT   CULTIVATION 

Yl 
VII 
YIII 

MODERATE    RESTRICTIONS   IN    USE 

SEVERE    RESTRICTIONS    IN   USE 

BEST   SUITED    FOR  wildlife    AND  RECREATION 

Figure  6-1.  A  practical  kind  of  classification  based  chiefly 
on  susceptibility  of  the  soil  to  erosion,  widely  used  by  the 
Soil  Conservation  Service  in  determining  the  capability  of 
land  for  various  uses.  (U.S.D.A.  Soil  Conservation  Service.) 

essential  aid  in  organizing  facts  and  in  promoting  clear  thinking. 
There  are  many  kinds  of  data  arrangement,  and  even  a  classifica- 
tion of  classifications  was  presented  as  long  ago  as  1813  by  de 
Candolle,^"^  who  recognized  the  following  types: 

( 1 )  Empirical,  such  as  alphabetical,  not  based  on  the  intrinsic 
nature  of  the  objects 

(2)  Rational,  based  on  the  nature  of  the  objects 

{a)   Practical,  concerned  with  values  to  man  (Figure  6-1) 
{b)   Artificial,  using  characters  that  facilitate  arrange- 
ment and  identification 
{c)   Natural,  employing  affinities  between  organisms 
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There  are  many  approaches  to  the  rational  classification  of 
vegetation  units,  and  since  these  units  themselves  are  more  or 
less  arbitrarily  delimited,  the  classifications  are  likewise  arbi- 
trary.2°^'^3  Various  characteristics  have  been  employed  as  the 
chief  criteria,  the  choice  depending  largely  upon  the  purpose 
and  viewpoint  of  the  classifier,  widely  used  ones  being  species 
composition,  physiognomy  and  life-form,  and  the  successional 
status.  In  empirical  classification  one  of  the  most  widely  used 
criteria,  partly  because  of  its  convenience,  is  the  nature  of  the 
habitat.  The  choice  of  criteria  is  influenced  greatly  by  the  geo- 
graphic extent  of  the  vegetation,  by  one's  knowledge  of  the  plants, 
and  the  time  and  facilities  that  are  available  for  field  work.  Re- 
connaissance of  a  100-sq-mile  area,  especially  in  a  little-known 
region,  requires  the  use  of  different  criteria  from  those  employed 
in  the  analysis  and  mapping  of  types  on  only  a  few  square  miles 
or  less. 

When  extensive  areas  are  being  investigated,  differentiation, 
as  a  rule,  is  first  made  of  large  physiognomic  units  such  as  conif- 
erous forest,  deciduous  forest,  shrubland,  and  grassland  (Figures 
1-1  and  2-6).  Each  of  these  units  may  then  be  subdivided  on  the 
basis  of  life-form,  dominance,  successional  status,  or  habitat. 
Some  workers,  as  Riibel,  Brockman-Jerosch,  and  Daniker,  have 
stated  that  it  is  impossible  to  synthesize  large  units  from  the  an- 
alysis and  description  of  small  communities,^^  but  others,  includ- 
ing Braun-Blanquet^^-^*'  and  Tuxen,^^^  maintain  the  opposite 
viewpoint,  and  have  produced  systems  of  vegetation  by  this  in- 
ductive method.  In  a  limited  area  such  as  a  few  square  miles, 
small  units,  recognized  chiefly  on  the  basis  of  homogeneity  in 
species  composition,  may  well  serve  as  the  starting  point. 

Five  major  criteria,  listed  below,  have  been  widely  used  in  the 
classification  of  plant  communities  and  will  be  discussed  and  ex- 
amples of  their  use  given. 

( 1 )  Floristic  or  species  composition 

(2)  Ecological  relations  or  habitat 

(3)  Successional  status 

(4)  Physiognomy 

(5)  Geographical  characteristics 
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The  floristic  criterion  is  the  most  basic  one  in  segregating  units 
of  vegetation  because  it  deals  more  intensively  and  adequately 
with  the  inherent  nature  of  each  unit,  including  data  on  the 
other  criteria.  It  is  often  more  convenient  to  use  one  of  the  others, 
but  a  complete,  scientific  classification  requires  consideration  of 
species  composition,  in  addition  to  the  other  analytic  and  syn- 
thetic characteristics,  of  the  various  kinds  of  stands  occurring  in 
each  group  distinguished  by  any  of  the  last  four  major  criteria 
listed  above.  In  America  classification  based  on  the  first  criterion 
is  less  common  because  of  the  lack  of  sufficient  plant  sociological 
analysis,  the  use  of  one  of  the  others  being  more  prevalent  than 
in  Europe.  Progress  in  America  in  the  classification  of  vegetation 
on  the  basis  of  inherent  characters  requires  more  detailed  analyses 
of  the  communities  making  up  the  large  heterogeneous  units. 

Floristic  or  Species  Composition 

Classification  on  the  basis  of  floristic  characteristics  or  species 
composition  is  based  strictly  on  intrinsic  properties  of  the  commu- 
nity, as  shown  especially  in  plant  sociological  tables  (see  Tables 
3-1  and  4-1).  Some  stands  have  more  characteristic  species  in 
common  than  others,  so  they  are  placed  in  one  community-type, 
and  similar  community-types  are  placed  in  one  group.  Such 
grouping  of  similar  entities  is  essential  for  more  complete  com- 
prehension and  orderly  presentation  of  isolated  data  developed 
by  analytic  methods. 

In  sociological  analysis  a  number  of  inherent  qualities  are 
used,  and  since  in  classification  the  number  of  criteria  is  limited, 
emphasis  is  placed  upon  those  qualities  that  are  considered  the 
most  significant.  Ecological  characterization  of  the  units  is  also 
included.  In  some  countries,  chiefly  Norway  and  Sweden,  the 
dominant  species  (those  with  greatest  numerical  abundance  or 
cover  and  frequency)  and  constant  species  are  employed  for 
arranging  stands  into  sociations  and  associations,  and  character- 
istic species  (see  p.  127)  have  been  used  for  placing  associations  into 
higher  categories:  alliance,  order,  and  class. ^^^'^'  In  many  other 
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countries,  particularly  in  central  and  western  Europe,  following 
Braun-Blanquet,  the  most  widely  employed  are  characteristic 
species  (those  in  one  of  the  three  highest  classes  of  fidelity).  The 
differentiating  species,  which  distinguish  between  groups  by 
their  absence  or  lesser  occurrence  in  one  group  than  in  others, 
and  dominants  (see  p.  128)  are  also  important  here,  especially  in 
the  segregation  of  minor  categories. 

These  attributes — kinds  of  species,  abundance,  frequency, 
dominance,  and  fidelity — have  been  used  to  make  a  hierarchical 
system  of  classification,  including  the  association  with  its  sub- 
divisions and  variants  to  alliance,  order,  and  class.  Associations 
belonging  to  one  alliance  are  represented  by  stands  within  a  cer- 
tain area,  or  in  corresponding  habitats  in  other  areas.  For  ex- 
ample, in  a  limited  area  in  the  mountain-front  zone  in  northern 
Colorado  the  major  kinds  of  grassland  have  been  classified  ac- 
cording to  the  limited  data  now  available,^ °-^  as  follows: 

(1)  Andropogon  scoparius-A.  gerardi-Stipa  comata  alliance 

{a)  Andropogon  scoparius  association 

{b)   Stipa  comata- Bouteloua gracilis- B.  curtipendula  association 

(c)   Bouteloua  gracilis-Artemisia  glauca  association 

(2)  Agropyron  smithii-Bromus  tectorum  alliance 

{d)   Agropyron  smithii- Bouteloua  gracilis-Bromus  tectorum  asso- 
ciation 

The  habitats  of  the  stands  in  the  first  alliance  were  marked  by 
more  or  less  erosion,  shallow  to  moderately  shallow  soils,  and 
usually  much  gravel  and  rock.  The  habitats  of  the  other  alliance 
were  distinguished  by  deposition,  and  deep  and  compact  soils 
containing  very  little  gravel  and  rock  in  the  upper  6  in.  In  suc- 
cessional  status  all  appeared  to  be  in  the  climax  or  near-climax 
stage  under  the  prevailing  conditions. 

Conard,"*^  classified  the  most  important  associations  in  Iowa 
into  about  eight  orders,  the  first  one  with  two  alliances  and  six 
associations,  as  follows: 
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( 1 )    Reed  order,  Phragmitetalia 

(a)  Reed  alliance,  Phragmition,  with  the  following  asso- 
ciations: 

Reed,  Phragmitetum  communis  iowenses 

Bulrush,  Scirpetum  validi 

Cattail,  Typhetum 

Reed  canarygrass,  Phalaridetum  arundinaceae 

Sloughgrass,  Spartinetum  pectinatae 

(b)  Sedge  alliance,  Magnocaricion,  with  one  association: 

Sedge,  Cancetum  stnctae 

Conard  points  out  that  the  classification  he  used  permitted  (1) 
the  arrangement  of  communities  in  a  logical  sequence  from 
aquatic  habitats  to  grassland  and  woodland,  (2)  the  showing  of 
similarities  between  communities  on  the  basis  of  floristic  com- 
position, and  (3)  comparison  with  communities  in  other  parts  of 
the  world. 

The  increasing  emphasis  on  dominant  and  constant  species  by 
those  using  the  Braun-Blanquet  procedures  indicates  an  impor- 
tant convergence  of  central  and  northern  European  methods,  as 
apparently  there  are  no  important  or  basic  differences  between 
them.'  ^  These  procedures  have  been  thoroughly  tested  recently  in 
Britain  and  their  advantages  pointed  out,'^^  and  they  deserve  far 
more  attention  in  America  than  they  have  received  so  far. '°^i°'''*^ 

The  number  of  communities  within  a  region  distinguished  by 
these  sociological  attributes  may  be  very  large.  For  example,  the 
nitrophilous  weed  communities  in  the  Eurosiberian  Region  of 
Europe  were  classified  and  characterized  into  132  associations, 
26  alliances,  10  orders,  and  6  classes, '^^  a  work  entailing  very 
many  analyses  of  stands,  numerous  sociological  tables,  and  de- 
scriptions by  many  workers.  These  associations  are  eminently 
suitable  for  differentiating  the  smallest  communities  in  various 
habitats,  and  in  systematic  classification  they  are  indispensable. '^^ 

However,  the  small  units  are  less  suitable  for  describing  the 
vegetation  of  an  extensive  territory  because  of  the  difficulty  of 
gaining  an  over-all  viewpoint.  In  order  to  solve  this  problem, 
large  units,  called  principal-associations  (Hauptassoziationen), 
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each  usually  occupying  an  extensive  area,  have  been  proposed 
by  Knapp'-^ — for  example,  the  oak-hornbeam  principal-associa- 
tion extending  from  western  to  eastern  Europe.  The  characteriza- 
tion and  delimitation  of  these  large  units  are  based  on  sociolog- 
ical analyses  and  descriptions  of  almost  innumerable  stands, 
such  as  those  of  the  characteristic  species  Carpinus  betulus,  Prunus 
avium,  and  Potentilla  sterilis  in  the  oak-hornbeam  forest,  in  which 
the  chief  attribute  for  delimitation  is  high  constancy.  Subdivisions, 
called  regional-associations  (Gebiets-assoziationen),  are  distin- 
guished by  differential  species,  floral  history,  and  some  features 
of  the  habitat.  Examples  in  the  United  States  of  Knapp's  prin- 
cipal-association appear  to  be  the  oak-hickory  forests  of  the 
central  and  eastern  parts  of  the  country  and  the  Bouteloua-Buchloe 
grasslands  of  the  Great  Plains. 

Ecological  Relations  or  Habitat 

Classification  on  the  basis  of  ecological  relations  (synecology) 
has  been  widely  used.  This  is  a  causal  approach  that  requires  an 
analysis  of  the  environment  and  the  segregation  of  habitat  types, 
which  involves  difhcult  problems,  for  the  habitat  factors  govern- 
ing the  occurrence  of  species  and  communities  are  not  readily 
measured  and  interpreted.  Usually  observations  and  interpreta- 
tions of  relationships  have  been  limited  to  the  major  conditions 
such  as  geographic  location,  physiography  (altitude,  slope,  soil), 
and  general  climatic  influences,  without  including  detailed 
quantitative  data.  However,  large  environmental  complexes  can 
be  used  advantageously  in  distinguishing  the  main  kinds  of  veg- 
etation (Figure  1-4),  later  dividing  them  into  their  compo- 
nents, as  was  done  in  a  study  in  the  mountains  of  Scotland ^^^  in 
which  most  of  the  communities  fit  into  a  framework  of  the 
following  five  factor  complexes: 

(1)  Altitudinal  zonation:  forest,  up  to  about  2100  feet;  above 
it,  subalpine,  potential  birch  woodland;  low  alpine;  very 
little  middle  alpine 

(2)  Oceanicity:  change  from  oceanic  climate  near  the  coasts 
to  continental  climate  in  the  interior,  including  higher 
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Figure  6-2.  Zonation  around  a  pond  near  Palmer,  Alaska. 
(1)  Yellow  water-lily  {Nuphar  polysepalum)  in  the  deeper 
water;  (2)  buckbean  (Menyanthes  trifoliata)  and  Potentilla 
palustris  in  shallow  water;  (3)  Potentilla  palustris,  Calama- 
grostis  sp.,  and  Sphagnum  on  wet  substratum;  (4)  hum- 
mocky  substratum  with  species  as  in  (3)  and  willows,  alder, 
and  glandular  birch;  and  (5)  zone  of  dead  birch  trees,  sur- 
rounded by  the  birch-white  spruce  forest.   June. 

summer  maxima  temperatures,  lower  winter  minima, 
more  rapid  transitions  in  spring  and  in  autumn,  longer 
growing  period,  and  less  prevalence  of  high  winds 

(3)  Snow  cover:  duration  and  depth 

(4)  Chemical  composition  of  the  soil,  especially  bases 

(5)  Soil  moisture 

In  the  detailed  analysis  of  vegetation  the  environmental  ap- 
proach has  not  been  very  successful.  It  is  more  satisfactory  and 
logical  first  to  distinguish  and  describe  stands  by  their  own  in- 
trinsic qualities,  particularly  species  composition  and  relative 
abundance,  and  then  to  try  to  determine  the  causative  influences. 
The  species  composition  can  be  observed  and  measured  directly, 
but  the  causes  may  be  difficult  to  unravel  and  must  often  be  in- 
ferred from  the  occurrence  of  certain  plants,  particularly  those 
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Figure  6-3.  This  grassland  under  moderate  grazing  is  ap- 
proaching through  succession  the  terminal  grassland  stage. 
Western  yellow  pine  {Pinus  ponderosa)  and  Douglas  fir 
{Pseudotsuga  taxifolia)  are  shown  in  the  background.  July, 
Pikes  Peak  Region,  Colorado.  (U.  S.  Forest  Service.) 

with  narrow  ecological  amplitude,  and  from  observations  (or 
rather  crude  measurements)  of  habitat  conditions.  Segregation  of 
communities  on  the  basis  of  their  location  on  gradients  involves 
difficulties,  for  usually  there  are  gradients  in  a  number  of  factors, 
such  as  soil  moisture,  soil  salts,  pH,  and  temperature,  each  in- 
fluencing the  vegetation  simultaneously  (Figure  6-2).  If  the  con- 
trolling influences  in  the  gradients  are  known  and  can  be 
measured,  and  if  equilibrium  between  vegetation  and  the  environ- 
mental complex  exists,  then  it  would  appear  possible  to  establish 
the  composition  of  the  community  as  a  function  of  the  position 
on  the  ecological  gradient.  However,  "the  ecological  gradients  of 
importance  to  vegetation  are  unknown  at  the  beginning  of  an  in- 
vestigation of  the  vegetation  of  an  area  and  cannot  be  guessed 
beforehand,"  ^2. p  79  gQ  ^j^^  ordination  of  communities  according 
to  ecological  gradients^^  is  very  difficult.  There  appears  to  be 
general  agreement  that  the  basis  for  securing  understanding  of 
nature  must  be  the  study  of  directly  observable  characters,  and 
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not  hypothetical  inferences  about  the  relations  between  vegeta- 
tion and  the  environment.  ^^ 

Successional  Status 

Classification  of  units  on  the  basis  of  succession  (syndynamics) 
has  been  widely  used  in  the  United  States  and  in  other  countries 
where  emphasis  on  plant  physiology  and  plant  processes  is 
strong,  and  also  where  natural  vegetation  occurs  following  the 
destruction  of  the  original  plant  cover  or  where  it  was  greatly 
disturbed  by  man  or  animals.  The  most  exhaustive  classification 
based  on  this  criterion,  vegetation  dynamics,  is  by  Clements  in 
his  book  "Plant  Succession."'*^  An  example  illustrating  the  use 
of  stages  in  secondary  succession  in  classifying  the  vegetation 
types  is  taken  from  a  study  on  abandoned  crop  land  in  the  Pike's 
Peak  region  in  Colorado  (Figure  6-3).*^^ 

(1)  Initial  stage:  annual  forbs  and  grasses 

(2)  Perennial  forb  stage:  perennial  weedy  forbs,  grasses,  and 
a  few  shrubs,  persists  for  3  to  5  years  after  cessation  of  culti- 
vation 

(3)  Mixed  grass  and  weed  stage 

(a)   Stipa-Agropyron  phase,  duration  about  10  years 
{b)   Stipa-Bouteloua  phase,  develops  within  15  to  25  years 
after  abandonment 

(4)  Subclimax  bunchgrass  stage:  Muhlenbergia  montana  and 
Festuca  arizonica  as  dominants 

(5)  Climax:  Pinus  ponderosa  and  Pseudotsuga  taxifolia  as 
dominants 

In  each  of  these  stages  several  kinds  of  communities  may  be  pres- 
ent; for  example,  in  the  first  stage  nearly  pure  stands  of  Setaria 
viridis,  Chenopodium  album,  and  Helianthus  annuus  are  found,  as 
well  as  mixtures  of  these  and  other  species.  It  is  important  to 
analyze  and  describe  the  communities  in  each  stage,  but  too  often 
this  has  not  been  done.  Such  analysis  would  undoubtedly  reveal 
many  community-soil  relationships  and  differences  in  the  course 
of  succession  in  relation  to  site  conditions. 

The  successional   approach   has  limited   usefulness  in  areas 
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where  the  communities  have  considerable  stabiHty,^^  and  diffi- 
culties are  often  encountered  in  deciding  if  succession  is  actually 
taking  place.  Furthermore,  classification  by  successional  status  in 
many  instances  cannot  avoid  a  considerable  degree  of  assump- 
tion. Consequently,  this  criterion  is  not  as  sound  as  others.  As  has 
been  stated  before,  the  analysis  and  classification  of  stands  do  not 
require  precise  determination  of  the  successional  position,  for, 
without  minimizing  the  importance  of  this  position,  the  kinds 
and  rates  of  change  that  are  occurring  in  a  community  can  best 
be  treated  in  the  description  following  the  sociological  analysis. 
It  is  not  desirable  to  inject  successional  stages  into  a  plant  socio- 
logical classification,  or,  in  other  words,  to  mix  the  criteria  of 
successional  status  and  floristic  composition.-^^ 

Physiognomy 

Physiognomy  is  dependent  upon  a  number  of  qualitative  and 
quantitative  characteristics,  especially  life-form,  as  well  as  upon 
structure  and  dominance.  This  basis  of  classification  is  very  use- 
ful in  distinguishing  and  delimiting  major  types  of  communities 
such  as  coniferous  forest  and  deciduous  forest,  or  shortgrass  and 
tallgrass  communities.  The  use  of  physiognomy  is  important  in 
the  preliminary  reconnaissance  of  an  area,  to  ascertain  the  major 
types  of  vegetation,  for  mapping  purposes,  and  as  a  start  for  sub- 
dividing the  major  types  into  the  constituent  communities.  For 
example,  in  the  mountain-front  region  of  northern  Colorado  the 
vegetation  consists  of  zones  and  mosaics  of  stands  of  various 
kinds,  mostly  grassland  and  shrub,  chiefly  the  mixed  mid-  and 
shortgrass  type  {Stipa  comata-Bouteloua  gracilis-B.  curtipendula),  the 
medium  tall  grassland  (Andropogon  scoparius),  the  mixed  perennial- 
annual  grassland  {Agropyron  smithii-Bouteloua  gracilis- Bromus  tec- 
torum),  and  shrub  types  [Cercocarpus  montanus,  Rhus  trilobata,  Sym- 
phoricarpos  sp.,  and  Physocarpus  monogynus).'^^^ 

Classification  based  chiefly  or  solely  on  physiognomy  is  most 
valuable  in  the  first  studies  in  a  region  where  little  is  known 
about  the  vegetation,  and  in  aerial  surveys,  but  even  in  such 
studies  whenever  it  is  possible,  the  various  communities  con- 
stituting each  physiognomic  group  should  be  characterized 
analytically  and  synthetically.  As  an  example  of  this  criterion,  the 
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system  proposed  by  Dansereau^^  includes  six  series  of  characters, 
as  follows: 

(1)  Life-form:  trees,  shrubs,  herbs,  bryoids,  epiphytes,  and 
lianas 

(2)  Size:  tall,  medium,  and  low 

(3)  Function:    deciduous,    semideciduous,    evergreen,    ever- 
green-succulent, and  evergreen-leafless 

(4)  Shape   and   size   of  leaf:    needle    or   spine,    graminoid, 
medium  or  small,  broad,  compound,  and  thalloid 

(5)  Leaf  texture:  filmy,  membranous,  sclerophyll,  succulent, 
and  fungoid 

(6)  Coverage:  barren  or  very  sparse,  discontinuous,  in  tufts  or 
groups,  and  continuous 

This  system  has  been  used  in  comparing  and  contrasting  vegeta- 
tion in  different  regions  and  in  various  stages  of  succession. 
Finally  it  may  be  added  that  wide  use  has  been  made  of  phys- 
iognomic classification  in  depicting  vegetation  types  on  maps.^^^ 


Geographical  Characteristics 

Communities  may  be  classified  on  the  basis  of  geographical  dis- 
tribution (synchorology),  in  which  various  terms  such  as  regional 
vegetation  types,  formations,  zones,  and  belts  are  used  (Figures 
1-1  and  5-2).  Physiognomy  is  the  chief  characteristic  employed, 
but  other  criteria,  including  species  composition  and  habitat, 
may  also  be  used.  For  example,  Schimper  and  von  Faber^^^ 
classified  the  vegetation  of  the  world  into  15  formations,  namely: 
tropical  rainforest,  monsoon  forest,  temperate  rainforest,  summer- 
green  deciduous  forest,  needleleaf  forest,  evergreen  hardwood 
forest,  savanna  woodland,  thorn  forest  and  scrub,  savanna,  half 
desert,  heath,  dry  desert,  tundra,  cold  woodland,  and  cold  desert. 
Another  example  is  Dice's  classification,^^  in  which  North 
America  was  divided  into  28  biotic  provinces,  each  characterized 
by  peculiarities  of  vegetation  type,  ecological  climax,  flora, 
fauna,  climate,  physiography,  and  soil.  The  biotic  provinces 
were  subdivided  into  biotic  districts  and  life  belts;  and  ecologic 
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associations  below  the  rank  of  life  belt  were  considered  as  rela- 
tively stable  communities. 

The  major  plant-animal  formations,  or  "biociations,"  in  North 
America  have  been  classified  and  mapped  by  Kendeigh^24  jj^^q 
tundra,  alpine  meadow,  boreal  forest-edge,  boreal  forest,  western 
forest,  prairie,  woodland,  chaparral,  basin  sagebrush,  desert 
scrub,  deciduous  forest,  deciduous  forest-edge,  and  southern  pine. 
The  biociations  are  further  divided  into  plant-animal  commu- 
nities. In  this  hierarchical  system,  criteria  of  floristics,  faunistics, 
plant  and  animal  sociology,  and  community  dynamics  are  used. 

According  to  Knapp'^v  ^^le  chief  formations  or  "zones"  of 
Europe  (excluding  the  extreme  southern,  southeastern,  and 
western  parts)  are  the  evergreen-sclerophyllous-woody  vegetation 
near  the  Mediterranean;  the  Quercus  pubescens  formation  in 
southern  Europe,  extending  from  Spain  to  the  Balkans;  the 
Quercus- Carpinus  mixed  forest,  extending  from  England  to  east- 
central  Europe,  north  to  southern  Scandinavia,  and  southeast  to 
the  Balkans;  the  mountain-beech  forest  reaching  from  north- 
eastern Spain  to  the  Carpathian  and  Balkan  mountains;  the 
spruce  forest  at  higher  elevations  in  the  mountains  in  central  and 
southeastern  Europe,  but  most  widespread  in  Fennoscandinavia 
and  northeastern  Europe;  the  Empetrum  "zone,"  containing  open 
woods  and  dwarf  shrubs  at  high  elevations  with  a  distribution 
similar  to  the  preceding;  and  the  arctic-alpine  "zone"  above  the 
tree-line  in  the  mountains,  and  north  to  the  tree-line  in  the 
higher  latitudes. 

Zonal  classification  of  vegetation  in  restricted  regions  is  useful. 
As  an  example,  the  plant  life  of  the  Rocky  Mountains  has  been 
classified  by  Daubenmire^^  into  six  major  zones:  alpine  tundra, 
Engelmann  spruce-alpine  fir,  Douglas  fir,  ponderosa  pine, 
juniper-pinyon,  and  oak-mountain  mahogany.  Another  example 
has  been  described  on  the  east  coast  of  Greenland,^^  where  the 
common  zonation  from  the  sea  to  the  uplands  comprises  com- 
munities of  Festuca  rubra  nearest  the  sea,  followed  by  those  of 
Cassiope  tetragona,  Vaccinium  uliginosum,  and  Dryas  integrifolium,  and, 
farthest  from  the  sea,  the  lichen-moss  assemblages.  The  complex 
gradient  from  the  sea  to  the  uplands  shows  decreasing  depth  of 
snow  cover  and  increasing  exposure   to   winds  in  the  winter. 
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CONCLUSION 

It  may  be  concluded  that  while  all  the  various  kinds  of  classi- 
fication of  vegetation  have  value,  the  kind  to  employ  is  deter- 
mined by  the  purpose  or  need  of  the  investigator,  the  extensive- 
ness  of  the  area,  and  the  available  time  and  facilities.  When  one 
starts  with  a  large  area,  the  geographic,  physiognomic,  and  eco- 
logic  criteria  are  the  most  useful.  The  resulting  units  may  be 
subdivided  by  the  same  criteria,  but  final  classification  of  the 
fundamental  units,  based  on  their  own  intrinsic  properties,  re- 
quires the  use  of  floristic  composition,  particularly  the  kinds  and 
numbers  of  species,  as  well  as  dominant,  constant,  and  charac- 
teristic species.  Classification  based  on  the  kind  of  succession  and 
the  stage  in  the  sere,  in  order  to  be  adequate,  must  be  accom- 
panied by  floristic  analysis  and  description  of  all  the  com- 
munities making  up  the  various  stages.  Classification,  however, 
when  analytic  data  on  intrinsic  properties  and  descriptions  are 
available,  may  begin  with  the  basic  units,  which  are  usually 
small  in  area  and  homogeneous.  In  any  case,  whether  one  is 
primarily  concerned  with  geographic  distribution,  physiognomy, 
habitat  conditions,  successional  sequences,  or  plant  sociological 
analysis,  a  comprehensive  and  satisfying  classification  must  in- 
clude consideration  of  the  properties  of  the  stands,  and  these 
properties  can  only  be  revealed  by  detailed  analysis. 
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Abies  (Firs) 

balsamea  (balsam  F.),  150;  lasiocarpa 
(subalpine  F.),  84 

Abscission  layer,  87 

Abundance.  See  Population  density, 
Frequency 

Acer  (Maples) 

pennsylvanicum  (striped  M.),  83;  m- 
brum  (red  M.),  142;  saccharum 
(sugar  M.),  83 

Adaptation,  26,  27,  31,  42 
and  ecological  success,  54-58 
and  periodicity,  86-87,  90 

Adenocarpus  spp.,  44 

Adenostoma  fasciculatum  (Chamiso),  64 

Aesculus  octandra  (Sweet  buckeye),  83 

Aestival  aspect,  87 

Affinity,  between  stands,  1 74 

Africa,  East,  49;  South,  68;  Nigeria, 
82 

Aggregation,  contagious,  132 

Aggregation  of  organisms,  65,  97,  116, 
154,  171 

Agroclimatic  analog,  14 

Agropyron  (Wheatgr asses),  184 

albicans,  145;  cnstalum  (crested  W., 
Fairway  strain),  22,  38,  68,  92, 
101,  107;  desertorum  (standard 
crested  W.),  21;  intermedium  (inter- 
mediate W.),  22,  38;  molle,  145; 
spicatum  (bluebunch  W.),  31,  98, 
99,  101,  104,  131;  smithii  {vje^tem 
W.),  11,  22,  23,  30,  44,  48,  62,  70, 
71,  72,  73,  92,  95,  98,  101,  107, 
110,  114,  128,  131,  144,  145,  172 

Agrostis  (Bentgrasses,  Redtops) 

setacea  (redtop),  72;  tenuis  (colonial 
B.),  35,  96 


Akpotak  Island,  158 

Alabama,  24 

Alaska,  30,  36,  56,  61,  63,  103,  117, 

138,  139,  146,  150,  154,  156,  158, 

162,  182 
Alder.  See  Alnus 
Alectoria  ochroleuca,  18,  62,  161 
Alfalfa  {Medicago  sativa),  34,  35,  51; 

African,  32;  Ranger,  32 
Alfilaria.  See  Erodium 
Allegheny  Mountains,  83 
Alliance,  126,  161,  178,  179,  180 
Allogenic  succession,  149 
Allopatric,  44 
Alnus  (Alder),  37,  53 
Alopecurus  alpinus  (Alpine  foxtail),   16 
Alpine  region,  17,  30,  36,  57-58,  62, 

82,94,  157,  158,  174,  181,  187 
Alternation,  microcommunity,  165 
Alternation  of  communities,  112,  146; 

165 
Amaranthus  palmeri  (Pigweed),  32 
Ammophila  (Beachgrass),  56;  arenana, 

149 
Analysis,  fioristic,  188 
Analysis,  sociological,  131,  137,  178, 

180,  188 
Anderson,  E.,  43 
Andropogon  (Bluestems),  85 

gerardi  (big  B.,  turkey-foot),  22,  71, 

72,  114,  128,  129,  130;  scopanus 

(little  B.),  14,  15,  28,  55,  71,  73, 

82,  91,  97,    101,    185;   virginicus 

(broomsedge),  28,  155 
Andropogon  community,  125 
Antennaria  neglecta  (Pussytoes),  85 
Apomixis,  41 
Appalachian  Mountains,  95,  101,  140 
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Aquatic  plants,  1 1 

Arctagrostis  latifolia,  57 

Arctic  region,  17,  36,  72,  78,  80,  82, 

94,  139,  157,  173,  174,  187 
Arctic-alpine  region,  187 
Arctostaphylos  (Bearberries),   144,   157 

uva-ursi,  139,  143;  alpina,  139 
Area,  basal,  102,  103,  110 
herbage,  103 
listing,  103 
Arenaria  obtiisiloba  (Sandwort),  36 
Aristida  (Three-awns),  96 

adscensionis  (six- weeks  T),    11;   lon- 
giseta  (red  T),  23,  98,  102 
Arizona,  11,  29,  79,  80,  88,  89,  106, 

161 
Arkansas,  30 

Artemisia  (Sagebrushes,  Wormwoods) 
absinthum  (absinthe),  37;  dracunculus 
ssp.  glauca,  73,  123;  JiHfolia  (sand 
S.),   103;  frigida  (pasture  Sage), 
71,  98,  1 14;  tndentata  (big  S.),  12, 
31,  85,  107 
Asia,  central,  68 
Asimina  triloba  (Papaw),  83 
Aspect,  87,  135 
Aspection,  85,  136 
Aspen.  See  Populus  tremuloides 
Aspen  woodland,  40,  53,  72 
Assay,  biological,  110 
Associated  species,  61,  63,  98,  126 
Association,  126,  161,  174 
climax,  73 
definition,  66 
principal,  181 
regional,  181 

use  in  classification,  178,  179 
Association  index,  99 
Association,  interspecific,   34-37,  54, 

59,  77,98-99,  131 
Association  table,  121,  122 
^.f^er  (Asters),  88,  128 

cordifolius    (fall    A.),    83;    divaricatus 
(fall  A.),  83 
Astragalus  (Milkvetches) 

crassicarpus  (ground  plum),  128;  mis- 
souriensis,  98 
Atlantic  Coast,  United  States,  19 
North,  56 


Atriplex  (Saltbushes) 

argentea,  144;  confertifolia  (shadscale), 
85;  nuttallii  (Nuttall  S.),  144 
Australia,  31,  36,  43,  68 
Autecology,  1 
Autogenic  succession,  149 
Availability,  faunistic,  160 

floristic,  160 

Backflash,  62 

Balkans,  64 

Barriers,  39,  67 

Bassia  uniflora  (Bassia),  36 

Bearberry.  See  Arctostaphylos 

Beech.  See  Fagus 

Bek,  life,  186 

Bermudagrass.  See  Cynodon 

Betula  (Birches) 

glandulosa  (glandular  scrub  B.),  63, 
64;  nana  (dwarf  alpine  B.),  157, 
161;  papyrifera  var.  cordifolia  (canoe 
B.),  84;  populifolia  (gray  B.),  41 

Betula  glandulosa  community,  1 54 

Biocenose.  See  Ecosystem 

Biociation,  187 

Biological  control,  of  weeds,  53 

Biome,  68 

Biome-type,  68 

Biotype,  14,41,42,45,48,  171 

Birch.  See  Betula 

Birch  woodland,  181 

Birds,  as  an  ecological  factor,  12,  41 

Blazing  star.  See  Liatris 

Bluegrass,  Kentucky.  See  Poa 

Bog,  17,  62,  69,  174 

Bothnochloa  ambigua,  31 

Boundary,  community,  141 

Bouteloua  gracilis-Artemisia  dracunculus 
ssp.  glauca  association,  122-123, 
125 

Bouteloua  (Gramagrasses) 

aristidoides  (needle  G.),  88,  98;  bar- 
bata  (six- weeks  G.),  11,  88;  curti- 
pendula  (side  oats  G.),  12,  13,  22, 
29,  30,  73,  91,  nO-.filiformis,  106; 
gracilis  (blue  G.),  22,  29,  47,  48, 
62,  72,  73,  84,  85,  88,  92,  98,  99, 
102,  103,  107,  128,  130,  144,  160, 
161,  165,  172;  parryi  (parryi  G.), 
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11;  rothrockii  (rothrock's  G.},  106 

Bracken.  See  Pteridium 

Bramble,  37.  See  also  Rubus 

Braun-Blanquet,  J.,  81,  96,  126,  177, 
179,  180 

Brazil,  68 

Bnza  media  (Quaking  grass),  36 

Brockmann-Jerosch,  H.,  177 

Bromegrass,  smooth.  See  Bromus 

Bromus  (Bromegrasses) 

carinatus  (mountain  B.),  86;  cath- 
articus  (rescuegrass),  92;  inermis 
(smooth  B.),  22,  23,  34,  35,  38, 
51,  97;  marginatus  (mountain  B.), 
46,  93;  tectorum  (downy  chess, 
cheatgrass,  downy  B.),  20,  47,  51, 
73,  74,88,97,  101,  130,  131 

Bryophyte  community,  68 

Buchloe  dactyloides  (Buffalograss),  11, 
22,  23,  29,46,96,  102,  107,  110, 
145 

Buckeye.  See  Aesculus 

Buffalograss.  See  Buchloe 

Bulrush  association.  See  Scirpetum  validi  , 
association 

Cactus.  See  Opuntia,  Camegiea 

Cakile,  56 

Calamagrostis  (Reedgrasses) 

montanenesis  (plains  R.),  84;  neglecta, 
16 
Calamovilfa  gigantea  (Sandreed),  65 
Calcification,  144 
Cahfornia,  20,  26,  36,  45,  57,  58,  61, 

64,  68,  152 
Calligonum  comosum,  40 
Calluna  vulgaris  (Scotch  heather),  72, 

143,  144,  157 
Calochortus  aureus  (Mariposa  lily),  88 
Caltha  palustris  (Marsh  marigold),  87, 

95 
Canada,  69,  73,  139 

British  Columbia,  98,  99 

Quebec,  83 
Canary'  Islands,  43 
Candolle,  A.  de,  176 
Carbon  scrub,  64 
Carex  (Sedges) 

bigelowii  (Bigelow's  S.),  17,  64;  eleo- 


charis  (needleleaf  S.),  2?>;  filifolia 
(threadleaved  S.),  44,  70,  84,  99, 
144;  misandra  (short-leaved  S.), 
16;  pennsylvamca  (yellow  S.),  24, 
94;  rupestris,  139;  stenophylla 
(needleleaf  S.),  70,  84,  144 

Caribou,  63,  162 

Caricetum    strictae    association    (Sedge 
association),  180 

Carnegiea  gigantea  (Saguaro),  79 

Carotene,  111 

Carpetgrass  (Axanopus  compressus),  35 

Carpinus  (Hornbeams),  162 

betulus  (European  H.),  181;  carolini- 
ana  (blue  beech),  83 

Carrying  capacity,  110 

Cassia  eremophila  (Partridge  pea),  36 

Cassiope  tetragona  (Four-angled  moun- 
tain heather),  36,  187 

Castanea   dentata   (Chestnut),   50,   51, 
101,  142 

Cation-exchange  capacity,  31 

Cattail  marsh,  97,  140.  See  also  Typhe- 
tum  association 

Ceanothus  spp.  (Bluebrush),  64 

Central  America,  64 

Cerastium  arctium  (Arctic  chickweed), 
34 

Ceratostomella  ulmi  (Dutch  elm  disease), 
62 

Cercis  canadensis  (Redbud),  83 

Cercocarpus  montanus  (Mountain   ma- 
hogany), 23,  185 

Cetrana  (Lichens) 

cucullata,  63;  islandica,  18,  63;  nivalis, 
18,61 

Chamaephyte,  94 

Change,  classification  of,  136,  163 

cyclic  replacement,   21,    136,    144, 

145,  146,  153,  155,  162,  163,  165 

directional,  125,  136,  140,  146,  147, 

149-156,  159,  163,  164,  165,  166 

fluctuation,  136,  146-148,  159,  162, 

163,  165,  166,  167 
in  space,  136,  139,  156-158,  163 
in  time,  135,  140 
intercommunity    cyclic,    145,    146, 

155,  163,  165,  166 
intracommunity,  145 
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Change  (Contin.) 
noncyclic,  145 
noncyclic   replacement,    136,    145, 

163 
rate  of,  145,  158,  166 
replacement.      See      Replacement 

change 
successional,  136,  145,  148 
Chaparral,  64 

Cheatgrass.  See  Bromus  tectorum 
Chenopodium  (Goosefoots),  96 

album   (lamb's  quarters),   97,    187; 
leptophyllum   (narrow-leaved  C), 
71 
Chestnut.  See  Castanea 
Chorology,  1,  186.  See  also  Synchor- 

ology 
Chrysothamnus     stenophyllus      (Rabbit 

brush),  85 
Cistus  monspeliensis,  44 
Cladoma  (Reindeer  lichens),  139,  157 
alpestns,   18,  30,  62-63,   162;  cnst- 
atella,    155;   rangifenna   (reindeer 
moss),  64,  162;  silvatica,  143,  162; 
subtenuis,  155 
Class,  a  category  in  the  classification 

of  communities,  179,  180 
Classification  of  vegetation,  68,  176 
artificial,  176 

criteria,  173,  176,  177,  188 
empirical,  176 
hierarchical  system,  179 
natural,  176 
practical,  176 
rational,  176 
zonal,  187 
Clements,  F.  E.,  66,  155,  184 
CUmax,  137,  142,  152,  155,  159-163 
and  fluctuation,  145,  148,  167 
and  pattern,  132 
and  phenology,  89 
and  replacement,  145 
criteria,  159,  163,  164,  166 
definition,  159 
Clintonia  borealis  (Blue-bead),  94 
Cline,  136,  172 
Clipping,  and  height  of  plants,  107 

and  weight  of  plants,  109 
Clover,  prairie  {Petalostemum),  113 
Clover.  See  Trifolium 


Clumped  distribution,  113 
Coaction,  26,  65,  72,  154 
Colchicum  autumnale  (Common  autumn- 
crocus),  87 
Colorado,  17,  23,  38,  47,  56,  64,  73, 
79,  81,  107,  108,  110,  114,  122, 
125,  129,  151,  154,  179,  183,  184, 
185 
Commensalism,  53 
Community 
abstract,  66,  68 
boundaries,  141 

characteristics,   75-132,    173,    174, 
177 
analytic,  77 
qualitative,  77-79 
quantitative,  77,  100-115 
synthetic,  121-132,  177 
classification,  68,  171 
closed,  89 

complementary,  146 
concrete,  66 
definition,  66 
duration,  158,  159,  175 
individual,  66,  171 
nature  of,  1 ,  59-60 
regeneration,  143 
species   composition,    77,    80,    160, 

173,  178,  188 
status,  137,  165 

Community-complex,  174 
Community-mosaic,  174 
Community-type,  67,   70,    125,    128, 

174,  178 
micro-,  175 

Competition,  27-34 

and  grazing,  1 14 

and  grouping  of  species,  71,  141 

and  growth-form,  96 

and  height,  107 

and  high-alpine  species,  57 

and  population  density,  101 

influence  of  phenology  upon,  88 

interspecific,  62 

intraspecific,  62 
Complex,  environmental,  160 
Composition,  floristic,  148,  159,  171 

criterion  of  classification,  177,  180, 
182 
Comptonia  peregrina  (Sweetfern),  84 
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Conard,  H.  S.,  179 
Constancy,  121,  124-126,  129 

and  fidelity,  126 

classes  of,  124 

definition,  124 
Constant.  See  Species,  constant 
Consumer,  60 

Contagious  distribution,  1 13 
Continuum,  68,  69,  73,  140,  141 
Convergence,  160 
Cooper,  W.  S.,  156,  158 
Corn  {^ea  mays),  13,  38 
Cornbelt,  35 

Cormculana  divergens  (Lichen),  63 
Cornus  (Dogwoods) 

altermfolia  (pagoda  D.),  83;  canadensis 
(bunchberry),  SO;Jlorida  (flower- 
ing D.),  81,  83 
Cotton  (Gossypium),  38 
Coumarin,  111 
Coverage.  See  Cover 
Cover,  78,  102-105 

and  dominance,  128 

and  frequency,  113,  119 

and  physiognomy,  186 

definition,  102 

herbage,  102 
Crabgrass.  See  Digitaria 
Creosote  bush.  See  Larrea 
Cryptophyte,  78 
Cumberland  Mountains,  83 
Cycle,  alternative,  145 

intercommunity,  146 

phasic,  21,  140,  145,  155,  164,  165, 
166 
and  climax  criteria,  159 
definition,  142 
Cynodon   dactylon   (Bermudagrass),    10, 

16 
Cypress,   Monterey   {Cupressus  macro- 

carpa),  26 
Czechoslovakia,  87 

Dactylis  glomerata  (Orchardgrass),  11, 

33,  36,  38,  48,  130 
Dallisgrass  {Paspalum  dilatatum),  52 
Daniker,  A.  U.,  177 
Dansereau,  P.,  186 
Danthoma  (Oatgrasses),  31-32 
spicata  (poverty  O.),  155 


Daubenmire,  R.  F.,  187 

Decomposer,  60 

Deferred  rotation  grazing,  114 

Degradation,  155 

Degree-hour,  1 1 

Denmark,  113 

Density.  See  Population  density 

Density-dependent  factor,  100 

Density-governing  factor,  100 

Density-independent  factor,  100 

Deposition,  and  grouping  of  species, 

73 
Deschampsia  (Hairgrasses) 

caespitosa  ssp.  genuina  (tufted  H.),  91, 
96;  Jlexuosa  (crinkled  H.),  17,  63, 
157 
Desert,  11,  20,  32,  40 

phenology  of  plants  in  Arizona,  88, 
94 
Diapensia  lappomca  (Diapensia),  36 
Dice,  L.  R.,  186 

Dicranum  fusee scens  (Moss),  18,  63 
Digitaria  sanguinalis  (Crabgrass),  153 
Discontinuity,  in  distribution  of  spe- 
cies, 69,  73,  136 

in  environment,  138 
Dispersion,  over-,  113 
Disporum  lanugmosum,  80 
Dispersal,  of  seeds  and  spores,  38-39 

of  species,  39-40 
Distichlis  stricta  (Desert  saltgrass),  71, 

95,  128,  144 
Distribution  of  species,  112 

contagious,  113 

geographic,  16 

normal,  113 

random,  1 13 
District,  biotic,  186 
Diversity  of  species,  and  climax  cri- 
teria, 159,  160,  163 

in  a  community,  71-72 
Dodonaea  community,  36 
Donnan  equilibrium,  31 
Dominance,  72,  128-130,  156,  173 

and  community  classification,  177- 
178 

and  physiognomy,  185 
Dominant  species,  30,  32,  58,  125,  128 

and  grouping  of  species,  62-63,  73 
Dormancy,  40 
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Douglas  fir  zone,  187 

Downgrade  series.   See  Series,  down- 
grade 

Downy  chess,  downy  bromegrass.  See 
Bromus  tectorum 

Draba  (Whitlow-grasses) 

incana,  139;  oblongata,  17;  subcapitata, 
34 

Drosophila  melanogaster  (Fruit  fly),  36 

Dryas  (Mountain  avens) 

integrifolia  (entire-leaved  M.  a.),  187; 
octojiora  (eight-petaled  M.  a.),  139 

Dutch  elm  disease.  See  Ceratostomella 
ulmi 

Dwarf  shrub-heath,  156,  161 

Dynamics,  vegetation,  133-167,  184 

Ecesis,  65 

Ecological  amplitude,   14-21,  32,  91, 
95,  137 
and  competition,  27 
and  constancy,  125 
and  ecotypes,  48 
and  grouping  of  species,  61-65,  70, 

98,  126 
definition,  14 

optimum  range,  20,  31,  90 
Ecological  relations,  177,  181-184 
Ecological  success  of  species,  54-58, 

105 
Ecology,  1 
Ecosystem,  60,  160 
Ecotone,  40,  53,  69 
Ecotype,  15,24,37,45,48,56,91,  171 
Edaphic    factor.    See    Environmental 

factors 
Eel  grass.  See  ^ostera 
Efficiency  of  species,  22-26 
Ellison,  L.,  33 
Elodea  (Waterweed),  95 
Elymus  (Wildrye) 

canadensis  (Canada  W.),  25,  92;  jun- 
ceus  (Russian  W.),  22 
Emergent  trees,  82 
Endemic  species,  158 
Empetrum  (Crowberries) 

hermaphrodilum,    139,    157,    161;  ni- 
grum, 63, 139 
Empetrum  zone,  187 


Enceliafarinosa  (White  brittlebrush),  37 
Endoconidiophora  fagacearum  (Oak  wilt), 

62 
Endophyte,  93 

Engelmann  spruce-alpine  fir  zone,  187 
Environment,  2,  160 

adverse,  44,  47 

physical,  8-10 

reactions  of  plants  on  the,  135 

resources  of,  73 

variability,  43 
Environmental  complex,  10 
Environmental  factors,  137,  160-161 

and  competition,  32 

and  phenology,  88 

biotic,  44,  51,  154 

classification,  8 

climatic,  8,  15 

integration  of,  87 

limiting   (critical),    15,   34,   67,   68, 
100 

nonreactive,  100 

optimum,  21 

phases,  9 

soil,  8,  15,  73 

topographic,  8,  70 
Epilobium  angustifolium  (Fireweed),  41 
Epiphyte,  94 

Ericaceae  (Heath  family),  53 
Erica  vagans  (Cornish  heath),  72 
Eriogonum  multiceps  (Umbrella  plant), 

145 
Enophorum      vaginatum      var.      spissum 

(Sheathed  cottongrass),  57 
Erodium  cicutarium  (Alfilaria),  88 
Erosion,  73,  176 
Erythromum       americanum       (Common 

troutlily),  83 
Eschscholtzia      neomexicana      (Mexican 

poppy),  88 
Establishment,  65 
Eucalyptus  {Eucalyptus),  36,  68 
Eupatorium     adenophorum     (Thorough- 
wort),  53 
Europe,  48,   82,  87,    103,    105,    125, 

179,  180,  187 
Eurotia  lanata  (Winter  fat),  85,  98,  99, 

114 
Euxerophyte,  95 
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Faber,  von,  F.  C,  186 

Factor.  See  Environmental  factor 

Fagus  (Beeches) 

grandifolia,   83;   sylvatica   (European 
B.),  87,  187 
Fauna,  186 
Faunistics,  187 
Fescue.  See  Festuca 
Festuca-Agrostis  grassland,  35 
Festuca  (Fescues) 

arizomca  (Arizona  F.),  47,  102,  108, 
184;  idahoensis  (Idaho  F.),  45;  oc- 
toflora  (six-weeks  F.),  11,  93;  ovina 
(sheep  F.),  21,  47,  62,  72,  139, 
158;  ovina  var.  duriuscula  (hard 
F.),  62;  rubra  (red  F.),  187;  vivi- 
para  (viviparous  sheep  F.),  41 
Fidelity,  103,  119,  126-128,  179 

classification  of,  126 

definition,  126 
Fir.  See  Abies 

Fir,  Douglas.  See  Pseudotsuga 
Fire,  ecological  effects,  8,  41,  152 
Flora,  186 
Floristic  composition,  66,  78-82 

use  in  classification,  178-181 
Floristics,  187 

Fluctuation.  See  Change,  fluctuation 
Fames  ignanus,  52 
Ford,  E.  B.,  43 
Forest,  classification  of,  177,  185,  187 

coniferous,  80,  83-84 

deciduous,  51,  80,  83,  94,  101 

replacing  grassland,  68 
Formation,  66,  187 
Frequence,  Raunkiaer's  law  of,  113 
Frequency,    78,    112-119,    129,    161, 
172,  178 

and  pattern,  131 

percentage,  112 

use  in  biological  spectrum,  95 
Frequency-abundance  index,  115-116 

Galeopsis  (Hemp  nettle) 

bifida,  41;  tetrahit,  41 
Gaultheria  procumbens  (Wintergreen),  84 
Gaura  coccinea  (Butterfly  weed),  71 
Gebietsassoziation,  181 
Gene  pool,  175 


Genetic  continuity,  61 
Genotype,  15,  24,  42,  43,  92 
Geographical  characteristics,  177,  186 

use  in  classification  of  communities, 
186-187 
Geographical  distribution,  186 
Geographical  range,  128 
Geological  processes,  157 
Geophyte,  93 
Georgia,  35,  52 
Germination,  65,  74 
Glaciation,  138,  158 
Gleason,  H.  A.,  67 
Glocladium,  37 
Goldenrod.  See  Solidago 
Good,  R.,  15 

Goosefoot.  See  Chenopodium 
Gradient,  continuous,  141 

discontinuous,  141 

in  environmental  conditions,  69,  73, 
137-141,  156,  157,  167,  183 

intrastand,  139 

macro-,  139,  141 

medium  scale,  138 

meso-,  141 

micro-,  139,  141,  157 

secondary,  138 
Gramagrass-needlegrass-sedge     com- 
munity type,  70-71 
Grass-heath,  158 
Grasshoppers,  effects  of,  49 
Grasslands,  40,  53,  67,  81,  82,  94,  99 

biomes,  68 

California,  61,  68 

classification  of,  177,  179,  185 

depleted,  90 

duration  of,  44 

evolution  of,  24 

frequency  in,  114 

good  condition,  31 

grazed  vs.  virgin,  115 

Great  Plains,  72,  92,  96,  98,  140 

mature,  82,  128 

research  in,  81,  102,  109 
Grayia  spinosa  (Spiny  hop-sage),  85 
Grazing,  and  cover,  102 

and  frequency  ratio,  114 

and  height  of  plants,  107,  108 

and  weight  of  plants,  109-1 1 1 


Index    •   209 


Grazing  [Contin.) 

continuous,  114 

effect  on  competition,  33,  46-47 

effect  on  growth-form,  96 

effects  of,  44-49 
Great  Basin,  United  States,  12 
Great  Britain,  21,  37,  41,  44,  48,  57, 

93,  141 
Great  Plains,  24,  26,  29,  30,  44,  46, 
48,  62,  68,  72,  92,  96,  98,  103, 
130,  140,  181 
Great  Smoky  Mountains,  142 
Greenland,  36,  139,  159,  187 
Gregariousness,  77,  96-98 
Gnndelia  squarrosa  (Gum  weed),  145 
Ground-water  level,  62 
Grouping  of  species,  59-74 

definition,  59 

effects  of  parasites,  52 
kinds  of,  64-65 
Growing  season,  89 
Growth  curve,  105,  106 
Growth-form,  42,  49,  77,  92,  96,  159 
Gutierrezia    sarothrae    (Broom    snake- 
weed), 145 

Habitat,  adaptation  to,  56 

alteration  of,  15,  48,  139,  141,  146- 

147,  153-155,  166 
basis  of  classification,  181-182 
changes  in  and  succession,  150-151, 

177,  186 
definition,  137 
major,  137 
micro-,  24,  96 
minor,  137 
similarity  of,  66-67 
steady-state,  141 
Habitat-form,  77,  92,  95 
Hamamelis  virginiana  (Common  witch- 
hazel),  83 
Hauptassoziationen,  180-181 
Hawaii,  53 
Heath,  62,  72 
Heather.  See  Calluna 
Hedeoma  hispida  (Rough  pennyroyal), 

84,  128 
Height  of  plants,  49,    105-108,    118, 
128,  130 
and  cover,  108-109 


Height-weight  ratio  of  plants,  89,  90, 
108-110 

Helianthns  (Sunflowers),  37,  97 
(common  S.),  184 

Hemicryptophyte,  94 

Hemixerophyte,  95 

Hemlock.  See  Tsuga 

Heterogeneity  of  vegetation,  67,  70, 
172 

Hibernal  aspect,  87 

Hiemal  aspect,  87 

H liana 
jamesii   (galleta    grass),    85;    mutica 
(tobosa  grass),  89 

Homoclime,  14,  58 

Homogeneity,  floristic,  125,  127,  156, 
163 
and  the  normal  frequency  ratio,  1 14 

Hordeum  brachyantherum  (Annual  mead- 
ow barley),  39 

Horizon,  A2,  B2,  144 

Hybrids,  44 

Hybridization,  25 
introgressive,  43 

Hydrangea  arborescens  (Smooth  hydran- 
gea), 83 

Hydrophyte,  11,93,95 

Hydrosere,  140,  151-152 

Hyperadaptation,  15 

Hypertrophy,  53 

laroshenko,  P.  D.,  136 
Iceland,  159 

Idaho,  19,  31,47,  73,88,  101,  104 
Ilex  (Hollies) 

opaca  (American  H.),  83;  vomitoria 
(yaupon),  20 
Illinois,  155 
Index,  association,  99 

frequency,  112 

frequency-abundance,  115-116 

of  similarity,  99 
Indicator  plants,  91,  99,  140-141 
Integration,  ecological,  2 

and    ecological    success    of  species, 
54-55 
Interaction,  and  groupings  of  species, 
61-62 

kinds  of,  7,  26 
Interdigitation  in  vegetation,  1 1 2 
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International      Botanical      Congress, 

Third,  66 
Interrelations  among  species,  26-54 

conjunctive,  26 

disjunctive,  26,  44 

effects  on  plant  groupings,  62 
Invasion,  32,  39,  40,  47,  61,  64,  146, 
155 

and  mutualism,  54 

into  similar  habitats,  68 
Iowa,  32,  80,  113,  127,  179 
Ireland,  41 
Iris,  43 
Israel,  58 

Iva  axillaris  (Poverty  weed),  145 
Iverson,  J.,  95 

Jiiglans  nigra  (Black  walnut),  37 
Juniper.  See  Jumperus 
Juniper-pinyon  zone,  187 
Jumperus  (Junipers),  129 
communis  (J.),  41 

Kansas,  53,  140 

Kendeigh,  S.  C,  187 

Knapp,  R.,  181,  187 

hobresia  myosuroides  (Kobresia),  158 

Koeleria  cristata  (Junegrass),  70,  84 

Lambs  quarters.  See  Chenopodium 

Land  capability,  176 

Lapland,  57,  139 

Larch  (Larix),  37 

Larrea  divaricata  (Creosote  bush),  79 

Layer  of  vegetation,  82-83 

effect   of  grazing  and   other   influ- 
ences on,  85 
Leafhopper,  beet,  51 
Leaf-to-stem- ratio,  92 
Lepidium  densiflorum  (Pepperweed),  144 
Lespedeza,  1 1 1 

Lesquerella  gordoni  (Bladder  pod),  88 
Liatris  (Blazing  star),  113 
Life  cycle,  15 
Life-form,  67,  68,  77,  92-96 

and  association  of  species,  28,  34, 
59,  72,  93,  96 

and  competition,  32 

and  cover,  102 

and  cyclic  change,  165 


and  dominance,  128 

and  population  density,  100 

and  physiognomy,  130 

and  stratification,  82,  128,  151 

and  succession,  151,  156 

definition,  92 

use  in  classifying  vegetation,    173, 
177,  186 
Life-span  of  species,  142,  146 
Light,  10 

Lindera  benzoin  (Spice-bush),  83 
Line-interception  method,  103 
Linum  catharticum  (Wild  flax),  36 
Liriodendron  tulipifera  (Tulip  tree),  83 
Locust,  black  (Robima  pseudacacia),  53 
Locusts,  requirements  of,  49 
Loiseleuria  procumbens  (Alpine  azalea), 

116,  117,  157 
Lolium perenne  (Perennial  ryegrass),  35, 

48 
Louisiana,  52,  65,  112 
Lupinus  (Lupine),  88 
Luzula  confusa  (Northern  wood-rush), 

16 
Lycopodium  (Clubmosses),  80 

tnstachyum,  84 

Magnolia  (Magnolias) 

macrophylla  (big  leaf  M.),  83;  tripetala 
(umbrella  M.),  83 

Maianthemum   canadense  (Wild   lily-of- 
the-valley),  80 

Major,  J.,  136 

Management  of  ecological  resources, 
48 

Manzanita  (Arctostaphylos),  63 

Maqui,  64 

Marsh,  62,  67,  146 

Martin,  N.  D.,  69 

Maryland,  50,  85 

McMillan,  C,  15 

Medicago  sativa.  See  Alfalfa 

Mediterranean  region,  64,  87,  88,  187 

Melilotus  (Sweet  clovers),  1 1 1 

officinalis  (yellow  S.  c),  Madrid  var., 
32 

Mendelian  population,  42,  69 

Menyanthes  trifoliata  (Buckbean),  17 

Mercunalis  perenms    (Perennial    mer- 
cury), 41 
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Mesophyte,  95 

Mesquite  (Prosopsis),  29,  46,  68,  129 

Metcalfe,  G.,  141 

Meteorological  data,  147 

Michigan,  13 

Microcommunity,  146 

Microhabitat,  41,  112,  125 

Microrelief,  141 

Microstand,  174 

Microtopography,  118 

Mineral  nutrients,  1 1 

Minimal  area,  124 

Minnesota,  28,  94,  150 

Minuartia  stricta  (Rock  sandwort),  40, 
57 

Miocene  Epoch,  56 

Mississippi,  21 

Missouri,  85,  114 

Mobility  of  seeds,  41 

Montana,  40,  48,  53,  72,  107 

Mor  humus,  80 

Mosaic,  habitats  and  climax  commu- 
nities, 161 

Muhlenbergia  (Muhlys) 

cuspidata   (plains   M.),   99;    montana 
(mountain  M.),  47,  102,  108,  184 

Muhly.  See  Muhlenbergia 

Mull  humus,  80 

Munroa  squarrosa  (False  buffalograss), 
49 

Mustards,  47,  51 

Mutualism,  53 

Mycorrhiza,  ectotrophic,  53 
endotrophic,  53 

Myrica  cerifera  (Wax  myrtle),  20 

Natural  areas,  175 
Natural  selection,  2,  15,  24 
Nebraska,  21,  34,  38,  42,  68,  98,  107, 

140 
Needle-and-thread.  See  Stipa 
Negev,  40 

Nettle  {Urtica  dioica),  37 
Nevada,  107 
New  Jersey,  67,  81 
New  Mexico,  61 
New  York,  82,  91 
Niche,  ecological,  54 
Nicholson,  A.  J.,  15 


Nicotiana  (Tobacco),  39 

Nitrogen-fixation,  53 

Normal  distribution,  113 

North  America,  105,  130,  159,  187 

North  Carolina,  20,  153 

North  Dakota,  13,  23,  49,  70,  82,  84, 

99,  101,  115,  116,  128 
Norway,  17,   18-19,  30,  36,  41,  62, 

157,  161,  178 
Nymphaea  (Water  lily),  1 1 

Oak.  See  Quercus 

Oak-hickory  forest,  181 

Oak-mountain  mahogany  zone,  187 

Oak    wilt.    See    Endoconidiophora  faga- 
cearum 

Oceanicity,  181-182 

Oklahoma,  14,65,  78 

Opuntia  (Prickly  pear  cactus),  11,  35, 
53,  68,  93,  96,  98 
fragilis,  144 

Orchardgrass.  See  Dadylis 

Orchids.  See  Orchidaceae 

Orchidaceae  (Orchid  family),  36,  53 

Order,  use  in  classification  of  commu- 
nities, 178,  179,  180 

Oregon,  51,  149 

Organism,  complex,  62 

OrthocauHs  floerkei,  18 

Ostrya  virgimana  (American  hornbeam), 
83 

Over-dispersed  individuals,  113 

Oxalis  stricta  (Common  yellow  oxalis), 
85 

Oxyria  digyna  (Mountain  sorrel),  16 

Palatability  of  plants,  45,  110,  114 
Panicum  virgatum  (Switchgrass),  38,  42 
Papaver  dahlianum  (Poppy),  34 
Parasitism,  51-53,  62 
Parthenium  argentatum  (Feverfew),  37 
Paspalum  conjugatum  (Paspalum),  112 
Pathogen,  51 

Pattern,  vegetational,  123,  131,  156- 
157,  160 

and  climax,  160,  164-165 

and  frequency,  131-132 

causes  of,  131-132 

definition,  131 
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gradient,  164 

in  distribution  of  species,  116 
morphological,  131 
physiographic,  131 
snow-field,  157 
Pediculans  canadensis  (Lousewort),  128 
Penicillium  notatum  (Mold),  37 
Pennsylvania,  33,  163 
Pensternon  parryi  (Pink  penstemon),  88 
Perennial  ryegrass.  See  Lolium 
Periodicity,  77,  85-90,  119,  173 
Permanence  of  communities,  158,  159, 

164 
Phacelia  bipinnatifida  (Phacelia),  80 
Phalaridetum    arundinaceae    association 
(Reed   canarygrass    association), 
180 
Phanerophyte,  94 
Phases,  vegetation,  166 

downgrade,  139,  153,  155,  162 
upgrade,  139,  155,  162,  165 
Phenology,  20,  28,  85,  90 
Phenotype,  15,  27,  92,96 
Phippsia  algida  (Phippsia),  34,  58 
Photosynthesis,  1 

Phragmitetum  communis  iowenses  associa- 
tion (Reed  association),  180 
Physocarpus  monogynus  (Ninebark),  185 
Physiognomy,  66,  67,  121,  141,  142, 
159, 177, 185-186 
and  pattern,  130-132 
basis  of  classification  of  communi- 
ties, 171,  173,  177,  186 
definition,  130 
Physiography,  132,  181,  186 
Phytocenose,  66 

Phytodecta  americana  (Defoliating  bee- 
tle), 52 
Phytoedaphon,  93 
Phytoplankton,  93 
Phytosociology,  66 
Picea  (Spruces) 

engelmamu  (Engelmann  S.),  84,  187; 
mariana  (black  S.),  84;   sitchensis 
(Sitka  S.),  150 
Pinus  (Pines),  37,  38 

banksiana  (jack  P.),  84,  150;  cananen- 
sis  (Canary  P.),  43;  canbaea  (slash 
P.),    24;    contorta    var.    murrayana 


(lodgepole  P.),  41 ;  edulis  (pinyon), 
187;    jeffreyi     Jeffrey     P),     13; 
palustris  (longleaf  P.),  35;  ponde- 
rosa  (ponderosa  P.),  13,  137,  183, 
184,  187;  resinosa  (red  P.),  28,  64; 
silvestris  (Scotch  P.),  17,  62;  stro- 
bus  (eastern  white  P.),  62;  virgini- 
ana  (scrub  P.),  155 
Pinyon.  See  Pinus  edulis 
Pitcher  plant  {Sarracenia  flava),  65 
Plantago  (Plantains,  Indian  wheats) 
argyrea  (I.  w.),  88;  elongata  (slender 
P.),  144;  purshii  (wooly  I.  w.),  84 
Plasticity,  8 
Pleistocene,  56 
Poa  (Bluegrasses),  47,  88,  97,  98 

alpina  vivipara  (viviparous  alpine  B.), 
34;  bulbosa  (bulbous  B.),  41;  ma- 
crantha,  149;  pratensis  (Kentucky 
B.),   15,  35,  48,  97,  98;  pratensis 
(Merion  strain),  5 1 ;  secunda  (Sand- 
berg  B.),  98,  104 
Point-contact  method,  103 
Point-observation  plot,  103 
Pollination,  27,  38 
Polygons  in  vegetation,  158 
Polygonum  (Knotweeds) 

erectum    (erect    K.),    144;    viviparum 
(alpine  Bistort),  16 
Polytnchum  (Moss),  84 
Ponderosa  pine.  See  Pinus 
Ponderosa  pine  zone,  163 
Poore,  M.  E.  D.,  173 
Population 

and  ecological  amplitude,  48 

and  genetic  homogeneity,  24,  41,  42 

and  habitat,  137,  140 

and  number  of  individuals,  43,  100, 

160,  163 
changes  in,  140,  166 
definition,  1 
Population  density,  78,  100-101 
and  frequency,  113,  116-117,  118 
and  herbage  area,  103 
and  volume,  111-112 
Populus  (Poplars) 

sargenlii  (Great  Plains  cottonwood), 
41;  tremuloides  (aspen),  40,  41,  53 
Polentilla  sterilis  (Cinquefoil),  181 
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Prairie,  85,  89 

and  high  fidelity  species,  127 

mixed,  68,  140 

tallgrass,  68,  78,  80,  140,  185 
Presence,  121,  124-126 
Prevernal  aspect,  87 
Prickly  pear.  See  Opuntia 
Principles,  ecological,  8 
Procedidochares  utilis  (Tetrid  gall  fly),  53 
Producers,  60 
Productivity,  149,  159,  163 
Progression  of  communities,  148-156 
Province,  biotic,  147,  186 
Primus  avium  (Sweet  cherry),  181 
Pseudotsuga  taxifolia  (Douglas  fir),  36, 

183,  184 
Pteridium  aquilinum  latiuscula  (Bracken 

fern),  37,  84 
Puccinellia  (Alkaligrasses) 

airoides,  71;  nuttalliana,  145 
Pueraria  thunbergiana  (Kudzu),  21 
Purshia  tndentata  (Antelope-brush),  31, 
41 

Quadrat,  104,  114,  162 
See  also  Sample  area 

Quercus  (Oaks),  38,  43,  181,  187 

alba  (white  O.),  83;  borealis  (red  O.), 
43;  prinus  (swamp  chestnut  O.), 
101,  142;  pubescens,  187;  robur 
(English  O.),  87;  rubra  (red  O.), 
101,  142;  sessiliflora  (durmast  O.), 
87;  velutina  (black  O.),  43;  virgim- 
ana  (live  O.),  20 

Random  distribution,  113 
Range  readiness,  108 
Ranuculus  nivalis  (Snow  buttercup),  58 
Raunkiaer,  C,  113 
Reaction,  21,  26,65,  72 
Reconnaissance   of  vegetation,    131, 
172,  177,  185 

ocular,  103 

range,  103 
Reedgrass  community,  67 
Regular  spacing,  113 
Reindeer,  116,  162 


Reindeer  moss.  See  Cladonia 
Relationship  of  communities,  126 
Relict,  61,  127,  155 
Replacement  change,  65,   132,   142- 
145,  146,  150,  159 

cyclic,  136,  142-145 

noncyclic,  136,  142 

phasic,  159,  166 
Reproduction,  42 

vegetative,  and  sociability,  79 
Requirements  of  species,   10-14,  28- 
29,  34 

and  competition,  28-33 

and  grouping  of  species,  60-61 
Reseeding  rangeland,  58 
Retrogression,  136,  145,  148,  153,  166 
Rhus  trilobata  (Lemonade  sumac),  185 
Rocky  mountains,  30,  187 
Root,  nodule,  53 

system  and  competition,  30-32 
Riibel,  E.,  177 
Rubus  occidentalis  (Common  blackcap), 

41 
Rudbeckia  occidentalis  (Coneflower),  46 
Russia,  17,  93 
Russian  thistle.  See  Salsola 
Ryegrass    (Lolium),  51 

Sagebrush.  See  Artemisia 
Saguaro.  See  Carnegiea 
Sahara,  40 
Salicornia  (Glassworts),  56 

herbacea,  124 
Salix  (Willows) 

glauca,  162;  herbacea  (pygmy  W.),  58, 

157;    interior   (sandbar    W.),   41; 

nigra  (black  W.),  41;  polaris,  16, 

34,  58;  pulchra,  41 
Salsola  kali  (Russian  thistle),   11,  22, 

41,47,51,96,  97,  145 
Sample  area,  103,  105,  114 
Sampling  unit,  size,  number,  124 
Saperda  (a  beetle),  52 
Savanna,  82,  89,  128,  155 
Saxifraga  (Saxifrages),  58 

oppositifolia  (twinleaf  S.),  16,  34,  139 
Scandinavia,  56,  82,   105,  129,  139, 

158 
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Schedonnardus  paniculatus  (Tumhlegrass), 

49,  98,  145 
Schimper,  A.  F.  W.,  186 
Schoenus  nigricans  (Black  bog-rush),  72 
Scirpetum    validi    association    (Bulrush 

association),  180 
Scotland,  143,  181 

Sedge  association.  See  Caricetum  stridae 
Sedge  marsh,  140,  156 
Sedum  (Stonecrops),  95 

stenopetalum,  47 
Seed,  blind  seed  disease,  51 
Selenium,  1 1 1 

Self-maintaining  community,  150,  159 
Senecio  perplexus  (Groundsel),  98 
Sere,  188.  See  also  Succession,  stages  in 
Series   of  changes,    downgrade,   up- 
grade, 143-146 
Series,  successional,  166,  184 
Serotinal  aspect,  87 
Serpentine,  72 

Setaria  viridis  (Green  bristlegrass),  184 
Shiblyak,  64 

Shortgrass  vegetation,  56,  89,  140,  185 
Shrubland,  177,  185 
Shrub  stage  in  succession,  140,  155 
Shrubs,  65,  187 

Sibbaldia  procumbens  (Sibbaldia),  58 
Sierra  Nevada  Mountains,  13 
Silene  acaulis  (Moss  campion),  36 
Silvicide,  62 

Similarity  of  communities,  126,  173- 
174 

coefficient  of,  1 74 

index  of,  99 
Site,  125,  159,  160.  See  also  Habitat 
Sloughgrass  association.  See  Spartinetum 

pectinatae 
Snow  cover,  62,  157,  161,  174,  182 
Sociability,  96-98,  130 

classes  of,  96-97 
Sociation,  126,  161 

use  in  classification,  178 
Soil,  183,  186;  alkah,  144 

brown  group,  124 

chestnut  group,  70 

development,  144,  150 

formation  and  gradients,  139 


gradient,  140 

improvement,  21 

infiltration,  22 

moisture,  69,  74 

profile,  61,  173 

saline,  144 

structure,  22,  69 

texture,  69 
Solifluction,  158,  162 
Solidago  (Goldenrods) 

caesia     (wreath     G.),     83;     latifolia 
(broadleaf  G.),   83;   htrsutissima, 
112;  puberula  (downy  G.),  84 
Solonchalk,  144 
Solonetz,  144 
Soloth,  144 
Sorensen,  Th.,  99 

Sorgum  halepense  (Johnson  grass),   112 
South  America,  92 

Spanish  moss  {Tillandsia  usneoides),  52 
Spartina  (Cordgrasses),  56 

alterniflora  (smooth  C),  44;  mantima, 
44;  townsendii,  44 
Spartinetum      pectinatae       association 
(Sloughgrass  association),  180 

accidental,  127 
Species, 

and  phenology,  88 

association  of,  98-100,  128,  137 

characteristic,   126,   127,   148,   172, 
173,  178,  181,  188 

companion,  127 

constant,  125,   127,   172,  178,   181, 
188 

differential,  173 

differentiating,  179 

dominant,  142,  148,  156,  173,  178, 
188 

ecological  characteristics,  7 

exclusive,  126,  128 

faithftil,  126 

indicator,  80,  121,  127,  140 

indifferent,  127 

number,  71,  78-79,  81,  89,  99,  114, 
124 

preferential,  126,  127 

relict,  155 

selective,  126 
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Species  (Conttn.) 

specificity  of,  47,  80 

strange,  127 
Spectrum,  floristic,  94 
Spitzbergen,  16,  34,  139 
Sporobolus  (Dropseeds) 

cryptandrus  (sand  D.),  85,   103;  het- 
erolepis    (prairie    D.),    71;    micro- 
spermus  (six-weeks  D.),  11 
Spruce.  See  Picea 
Square-foot  density  method,  103 
Stability  in  vegetation,  150,  155,  158, 

159,  163,  164 
Stabilization,  161 
Stand, 24 

analysis  of,  105,  109,  121,  125,  188 

classification,  68,  173-174 

definition,  66 

delimitation  of,  171-172 

description  of,   130,   172-173,  175, 
178 

relation  to  habitat,  173 

table,  116-117,  121 

variation  within,  96 
Standing  crop,  151 
Steady-state,  136,  148,  149,  157,  159, 

162,  164,  165,  167 
Stipa  (Needlegrasses),  184 

comata  (needle-and-thread),  23,  44, 
47,  48,  62,  70,  73,  84,  92,  98, 
104,  114,  129,  144,  172,  179,  185; 
spartea  (porcupine  grass),  15,  71, 
92,  128;  vindula  (green  N.),  23, 
107,  172 
Strain  of  forage  plants,  25,  32,  45,  51 
Stratification,   77,   82-85,    130,    159, 

173 
Stratum.  See  Layer 

Streptanthus  arizonicus  (Twistflower),  32 
Structure  of  vegetation,  1,  66,  68,  92, 

163,  171,  172,  185 
Suaeda  depressa  (Seepweed),  145 
Subalpine,  58,  81 

scrub,  44 
Subarctic  region,  72,  80,  82,  137,  139, 

174 
Subclimax  stage,  184 
Succession,  82,  148-156,  166,  183,  184 

and  ecological  efficiency,  22 


and  formation  of  groupings,  64-65 

and  population  density,  101 

and  sociability,  97 

and  vitality,  90 

autogenic,  148,  150 

basis   of  classification   of  commu- 
nities, 184,  188 

criteria  of,  149-151 

deflected,  155 

influence  of  insects  on,  48-49 

on  solonchalk  and  solonetz  soils,  144 

primary,  140,  175 

rate  of,  158 

secondary,  41,  47,  64,  96,  97,  103, 
112,  152,  175 
old-field,  153,  184 

stages  in,  22,   137,   150,   165,   167, 
171,  173,  182 
Sunflower.  See  Helianthus 
Supercanopy  trees,  82 
Survival,  15 

basic  needs  for,  10 

in  refuges,  158 
Sweden,  146,  178 
Sweet  clover.  See  Melilotus 
Switchgrass.  See  Panicum  virgatum 
Symbiosis,  26 
Sympatric,  43 

Symphoricarpos  (Snowberry),  185 
Synchorology,  186 
Syndynamics,  184 
Synecology,  173,  181 
Synsystematics,  175 
Synthesis  table,  121,  122 
Synthetic  characteristics,  77,  121-132 
Synusiae,  84 
System,  cyclic,  143-146 


Table,  synthesis,  121,  129 
Tannin,  111 

Taxodium  distichum  (Bald  cypress),  20 
Temperature  summation,  1 1 
Texas,  12,  55,  118,  160 
Therophyte,  93,  94 
TUia  (Basswoods,  Lindens) 
Jioridmna,  83;  heterophylla  (white  B.), 
83;  neglecta,  83 
Timothy  (Phleum),  35 
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Tobosa  grass.  See  Hilaria 

Tolerance,  14,  15,  16 

Topography,  171 
and  frequency,  112 

Toxins,  37 

Trace  elements,  12 

Tragopogon  pratensis  (Goatsbeard),  97 

Transitions    in    vegetation,    68,    138, 
140,  156,  172 

Transpiration,  10 

Trefoil,  birds-foot  {Lotus  corniculatus),  35 

Trend,  directional,  155 

Trichachne  californica  (Cottontop),   106 

Trifolium  (Clovers) 
pratense  (red  C),  85;  pratense  (Ken- 
land   red   C),   32;   repens   (white 
C),  35,   85,   98;   repens  (Ladino 
white  C),  30,  32,  35 

Trillium  (Trilliums) 

erectum  (purple  T),  83;  grandiflorum 
(snow  T),  83;  undulatum  (painted 
T),  80 

Trisetum  spicatum  (Spike  trisetum),  17 

Tropical  rain  forest,  82,  128,  155 

Tsuga  canadensis  (Hemlock),  163 

Tundra,  30,  36,44,  117,  174 

Tlixen,  R.,  177 

7>/)/ia  (Cattail),  21,97,  140 

Typhetum  association  (Cattail  associa- 
tion), 180 


Utah,  33,  39,  40,  46,  47,  85,  86,  88,  148 

Vaccinium  (Blueberries,  Whortleber- 
ries), 84 
canadense  (Canada  B.),  84;  myrtillus 
(European  W.),  18,  62,  157;  sco- 
parium  (grouse  W.),  84;  uliginosum 
(bog  B.),  30,  36,  87,  103,  139, 
187;  vitis-idaea  (mountain  cran- 
berry), 30,  63 

Vaseygrass  (Paspalum  urvillei),  52 

Vegetation,  complexity,  140,  171,  185 
dynamics,  184 
form,  77,  92 
snow-field,  157 

Vernal  aspect,  87 

Viability  of  seeds,  41 

Vigor,  11,  20,  27,  51-52,  77,  90-92, 
105.  See  also  Vitality 

Viola  (Violets),  83 

canadensis  (Canada  V),  80;  palmata 
(palm  v.),  80;  pedatifida  (cutleaf 
v.),  80,  128;  sagiltata  (arrowleaf 
v.),  65 

Virginia,  50 

Virus,  curly  top,  51 

Vitality,  72,  90-92,  126,  173.  See  also 
Vigor 

Vittadima  community,  36 

Vivipary,  41 

Volume,  111-112 


Ukraine,  67 

Ulex  europaeus  (Common  gorse),  72 

Umbelicariaceaea,  158 

Under-dispersed  individuals,  1 1 3 

Uniformity  in  vegetation,  114,  150 

Umola  pamculata  (Sea  oats),  19 

Union,  73,  84 

United  States,  130,  184 

eastern,  51,  80 

Northwest,  51 

southeastern,  28 

southern,  92 

southwestern,  32,  46,  68 

western,  30,  51,  85 
Ustilago  (Smuts) 

marginatus  (head  S.),  93;  striiformis 
(stripe  S.),  51 


Washington,  25,  31,  62,  73 
Washington  palm  (  Washintoniafilifera), 

57 
Water-table,  17 
Watt,  A.  S.,  143,  157 
Weed,  communities  in  Europe,  180 

groupings,  64 
Weight  of  plants,  108,  118 

and  volume,  1 1 1 
Westnngia  ngida,  36 
Wheatgrass.  See  Agropyron 
Whittaker,  R.  H.,  160 
Wilting  percentage,  27 
Wind,  38,  161 

Winter  fat.  See  Eurotia  lanata 
Woodland,  68,  180 
Working  depth  of  root  system,  107 
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Wyoming,  22,  84  Zonation,  17,  19 

^     .     „,    ,^,  altitudinal,  17,  18,  19,  187 

Xeric,  81,  161  u     •       *  i    i  oo 

^         ,  .,  ,  .-  horizontal,  182 

Xerophilous,  146  ^  _„    ,„_ 

V         .  ,,    r^c  Zone,  73,  187 

Xerophyte   11,95  transitional,  172 

Xerosere,  152  -^   ,        /t-  i  n    , , 

^ostera    (Lelgrass),  1 1 

Yielding  capacity,  32  ^gophyllum  apiculatum  (Caltrop),  36 
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